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THE    FINANCIAL    MANAGEMENT    OF    WATER- 
WORKS. 


By  E.  Ktjichling,  M.  Am.  Soc.  C.  E. 
Presented  May  19th,  1897. 


WITH  DISCUSSION. 


Tlie  questions  involved  in  the  financial  management  of  a  municipal 
water-works  system  are  often  very  interesting,  even  though  they  may 
be  somewhat  complicated,  and  it  is  doubtless  owing  to  the  diflSculties 
encountered  in  the  analysis  of  the  problem  that  no  generally  accepted 
jjrinciples  of  such  management  have  yet  been  formulated.  Various 
methods  of  jjrocedure  have  been  adojjted  in  different  jalaces,  but 
rarely  has  it  happened  that  any  one  of  them  received  general  appro- 
bation or  was  adojited  elsewhere  without  more  or  less  modification. 
In  most  places  the  exercise  of  sound  judgment  is  hamjjered  by  con- 
siderations of  exj^ediency,  and  hence  temporary  or  superficial  plans 
of  financial  management  are  in  vogue  which  must  sooner  or  later  be 
materially  amended. 

Much  confusion  is  also  caused  by  the  careless  use  of  terms  in  the 
discussion  of  the  subject,  as  well  as  in  the  classification  of  the  various 
items  of  income  or  expense.  That  which  is  treated  as  a  maintenance 
or  repair  account  in  one  city  will  often  be  charged  to  construction  in 
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another  place,  and  in  some  cases  the  cost  will  be  divided  arbitrarily 
between  the  two  accounts.  Again,  a  distinction  is  sometimes  made 
between  the  maintenance  and  the  repair  accounts,  and  when  renewals 
or  improvements  of  any  part  of  the  works  are  made,  a  separate  ac- 
count may  be  opened.  It  is  therefore  necessary  to  examine  the 
financial  statements  relating  to  the  water- works  of  different  cities  with 
the  utmost  care  in  order  to  avoid  serious  error  in  making  comparisons. 

These  facts,  along  with  the  scarcity  of  well-digested  literature  on 
the  subject,  were  forcibly  brought  home  to  the  author  in  the  course 
of  an  extended  investigation  of  the  financial  features  of  the  municipal 
water-works  with  which  he  is  connected.  The  inquiry  was  made  by  a 
committee  from  another  branch  of  the  city's  government,  and  the 
questions  which  arose  seemed  at  first  easy  of  solution.  Upon  further 
reflection,  however,  the  strict  equities  in  the  case  did  not  appear  so 
simple,  and  precedents  for  conflicting  opinions  were  eagerly  sought  in 
the  experience  of  other  large  communities.  A  large  number  of  muni- 
cipal reports,  technical  journals  and  society  transactions  were  con- 
sulted in  the  hope  of  finding  therein  some  clearly  defined  general 
principles  of  financial  management  for  costly  public  works,  but,  un- 
fortunately, those  which  were  available  at  the  time  contained  few 
useful  references  to  the  matter  and  no  extensive  discussions.  It, 
therefore,  devolved  upon  the  author  to  formulate  his  own  views  in  the 
premises,  and  the  greater  part  of  the  following  paper  was  prepared  be- 
fore the  appearance  of  the  valuable  article  *  on  the  same  subject  by 
Freeman  C.  Coffin,  M.  Am.  Soc.  C.  E. 

This  explanation  and  early  reference  to  Mr.  Coffin's  work  is  made 
both  on  account  of  the  similarity  of  the  arguments  in  the  two  papers 
and  to  avert  the  charge  of  wholesale  plagiarism  on  the  author's  part. 
It  is  also  proper  to  state  that  in  preparing  the  present  paper,  the  author 
has  in  some  instances  availed  himself  of  Mr.  Coffin's  expressions,  for 
which  due  acknowledgment  is  herewith  made;  and  although  the  sub- 
ject is  now  no  longer  new,  yet  it  is  believed  that  the  further  discussion 
of  sound  administrative  policy  in  the  management  of  expensive  public 
water-works  cannot  fail  to  be  of  interest  to  the  engineering  profession 
in  general.  The  paper  is  accordingly  submitted  with  the  hope  that  it 
will  elicit  some  account  of  the  financial  conditions  and  policies  which 
prevail  in  other  municipal  water  departments,  so  that  when  similar 
*See  the  Joui-nal  of  the  New  England  Water- Works  Association  for  September.  189b. 
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investigations  are  made  hereafter,  a  useful  fund  of  pertinent  informa- 
tion may  be  at  hand. 

Expenses. — In  dealing  with  the  annual  expenses  or  charges  against 
a  water- works  system,  the  following  items  are  to  be  taken  into  consid- 
eration : 

I.  The  interest  on  the  bonded  debt  incurred  for  construction. 

II.  A  yearly  payment  into  a  sinking  fund  for  the  ultimate  liquida- 
tion of  the  bonded  debt. 

III.  A  yearly  payment  into  a  fund  for  the  periodical  renewal  of  the 
perishable  parts  of  the  works. 

IV.  The  yearly  operating  expenses,  including  ordinary  repairs  and 
minor  betterments. 

V.  The  average  cost  of  the  usual  yearly  extensions  or  improvements 
of  the  distributing  system. 

VI.  A  yearly  contribution  to  a  fund  for  the  payment  of  anticipated 
future  extensions  of,  or  additions  to,  the  supply  system. 

VII.  The  interest  on  all  capital  expended  for  construction  over  and 
above  the  bonded  debt. 

VIII.  A  profit  on  the  investment  in  addition  to  the  preceding 
items. 

In  the  case  of  successful  private  corporations,  all  of  these  items  are 
taken  into  account,  directly  or  indirectly,  in  fixing  the  rates  charged 
for  the  service,  goods  or  product,  and  it  is  frequently  claimed  that  the 
same  practice  should  be  followed  in  the  case  of  municipal  water-works. 
Careful  reflection,  however,  will  lead  to  the  conclusion  that  such  a 
course  is  generally  inexpedient,  for  the  reason  that  a  service  under- 
taken by  a  community  for  its  own  exclusive  benefit,  and  through  its 
own  government,  is  essentially  a  co-ojjerative  or  mutual  enterprise, 
the  product  of  which  is  expected  to  be  sold  at  cost  to  the  participants; 
also  because  it  is  manifestly  absurd  to  demand  that  one  branch  of  the 
municipal  service  shall  yield  a  profit  in  order  that  the  work  involved 
in  another  department  may  ostensibly  be  performed  for  less  than  its 
true  cost. 

Strictly  considered,  the  expenses  of  each  department  of  a  city's 
government  should  be  tabulated  sejjarately,  and  the  proper  value  of 
any  service  rendered,  or  materials  furnished,  by  one  department  to 
another  should  be  duly  credited  and  charged  in  the  respective  ac- 
counts.    By  this  means  alone  will  the  real  cost  of  any  department,  as 
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well  as  the  viihie  of  any  service  rendered  hj  it,  become  known,  and 
Avheuever  it  may  be  deemed  expedient  to  make  the  revenue  of  such 
department  large  enough  to  yield  a  profit  or  surplus  over  its  legitimate 
expenses,  the  fact  should  be  distinctly  announced  and  the  reasons 
therefor  intelligently  explained.  Under  ordinary  conditions,  however, 
it  seldom  happens  that  a  community  deems  it  proper  to  make  an  appre- 
ciable profit  from  any  service  rendered  to  the  citizens,  and  hence  thi& 
item  may  at  once  be  eliminated. 

It  is  also  very  unusual  for  communities  to  demand  from  citizens 
payment  for  interest  on  past  cash  expenditures  for  the  construction  of 
public  works,  or  to  require  of  them  annual  contributions  for  the  crea- 
tion of  a  fund  which  is  to  be  expended  at  some  distant  future  time  for 
building  jirospective  new  works.  The  princijiles  here  involved  are,  on 
the  one  hand,  that  an  adequate  benefit  has  been  derived  from  past  pay- 
ments, and  on  the  other  hand,  that  there  is  no  obligation  on  the  present 
generation  to  jarovide  for  remote  future  demands.  No  extended  argu- 
ment in  siipport  of  these  two  principles  appears  to  be  necessary,  it 
being  imderstood  that  the  future  demands  mentioned  relate  to  entirely 
new  works  instead  of  to  the  jsroper  maintenance  of  the  existing  ones; 
and  hence  the  sixth  and  seventh  items  in  the  foregoing  list  may  fairly 
be  omitted. 

With  reference  to  the  fifth  item,  which  is  a  provision  for  the  usual 
yearly  extensions  and  improvements  of  the  system  of  distributing 
pijjes,  in  order  that  the  service  may  keep  jaace  with  the  ordinary  in- 
crease of  population  and  development  of  urban  territory,  it  may 
strongly  be  urged  that  inasmuch  as  such  increase  is  often  quite  vari- 
able, no  definite  limit  to  the  annual  provision  can  be  assigned,  and  that 
the  required  sums  for  this  piirpose  shall  be  fixed  each  year  in  projjor- 
tion  to  the  necessities.  By  this  method  the  annual  extensions  of  the  pipe 
system  will  i^roperly  come  under  the  head  of  construction,  and  be  paid 
for  by  general  taxation,  as  in  the  past.  It  must  also  be  borne  in  mind 
that  all  such  extensions  are  presumed  to  involve  immediate  benefits 
fully  commensurate  with  the  outlay,  and  that  the  tax  on  the  additional 
valuation  of  jjroperty  ensuing  therefrom  will  ultimately  repay  the  in- 
vestment. The  fifth  item  may  therefore  likewise  be  omitted  from  the 
list  of  charges  against  the  works. 

Accordingly  only  the  first  four  items  of  expense  are  left  to  be  met 
by  the  revenue  derived  from  the  works,  viz.,  the  interest  on  the  bonded 
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debt,  the  sinking  fund  provision  for  the  ultimate  liquidation  of  this  debt, 
the  depreciation  fund  provision  for  the  periodical  renewal  of  the  perish- 
able parts  of  the  works,  and  the  annual  operating  expenses.  Of  these, 
the  second  and  third  are  frequently  combined  into  a  single  item,  and 
may  form  a  large  or  small  percentage  of  the  total  yearly  cost,  depend- 
ing upon  the  jiroportiou  of  the  aggregate  amount  which  is  left  to  jjos- 
terity  to  pay.  With  regard  to  the  first  and  fourth  items,  it  is  obvious 
that  they  should  be  paid  in  full  by  the  present  inhabitants,  and  that 
the  financial  burden  of  the  next  generation  should  not  be  increased  by 
any  portion  of  these  expenses. 

Concerning  the  provision  for  sinking  and  depreciation  funds,  a  con- 
siderable diversity  of  practice  is  found.  In  some  cities  it  has  been 
assumed  that  the  generation  which  incurred  a  certain  bonded  debt  for 
a  water-works  system  should  provide  for  its  payment  in  full,  besides 
leaving  an  adequate  surplus  for  the  renewal  of  the  perishable  parts  of 
the  system,  so  that  the  succeeding  generation  will  inherit  the  works 
entii-ely  free  from  debt  and  with  its  perishable  parts  renewed.  In 
other  places,  however,  this  plan  is  regarded  as  much  too  generous, 
and  provision  is  made  only  for  maintaining  the  works  in  good  order, 
so  that  posterity  shall  not  have  on  its  hands  a  worn-out  or  greatly  de- 
preciated jjlant,  in  addition  to  the  original  debt.  A  third  plan  is  for 
the  present  generation  to  provide  for  the  payment  of  so  much  of  the 
bonded  debt  as  relates  to  the  perishable  parts  of  the  works,  leaving 
the  remainder  to  be  taken  care  of  by  j^osterity,  and  also  to  provide 
for  the  proj^er  maintenance  of  the  plant  so  as  to  leave  it  in  good 
condition. 

From  the  meager  data  available,  it  seems  that  the  usual  x^ractice  in 
American  cities  has  been  to  provide  only  for  a  general  fund  which  may 
be  used  at  its  maturity,  either  for  renewing  a  part  of  the  works,  or  for 
paying  oflf  a  portion  of  the  bonded  debt,  but  which  is  not  sufficient  for 
both  purposes.  The  object  has  been  merely  to  keep  the  finances  of  the 
works  in  tolerable  eqixilibrium  from  time  to  time,  so  as  to  prevent  the 
present  generation  from  imposing  undue  liabilities  upon  its  successor, 
but  without  leaving  to  it  very  good  assets,  or  works  from  which  it 
will  derive  much  benefit  except  at  the  exi^ense  of  more  or  less  recon- 
struction. By  this  plan  the  works  never  become  free  from  debt,  but 
if  they  are  maintained  in  good  order,  their  value  may  be  equal  to  the 
bonded  liability.     This  condition  is  essential  to  solvency,  and  is  ac- 
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cordingly  the  lowest  limit  in  the  financial  scale  to  whicli  the  works 
should  be  allowed  to  fall. 

A  somewhat  safer  plan  to  follow  is  the  third  one  indicated  above, 
by  which  provision  is  made  not  only  for  the  renewal  of  the  perishable 
parts  of  the  works  but  also  for  the  extinction  of  the  original  cost  of 
these  parts.  The  plant  will  thereby  be  turned  over  to  posterity  par- 
tially paid  for  and  in  good  condition,  or  wdth  the  means  for  j^utting 
it  into  such  condition.  To  the  extent  of  their  capacity  the  works  will 
then  serve  the  futiire  as  they  did  the  past  or  present,  and  it  is  there- 
fore projjer  that  the  fixture  should  bear  at  least  the  cost  of  the  per- 
manent portions,  as  well  as  the  subsequent  renewals.  The  burden  is 
thus  divided  between  two  or  more  generations,  each  paying  a  reason- 
able share  of  the  total  original  cost;  and  at  the  same  time,  some  con- 
sideration is  expressed  for  the  greater  expenditures  of  the  future,  which 
will  assuredly  come  with  increase  of  population  and  the  constant  de- 
mands for  the  improvement  of  the  general  welfare. 

In  relation  to  the  life  of  the  perishable  parts  of  a  water-works 
system,  little  definite  knowledge  is  yet  available.  Pipes  and  their  ap- 
purtenances may  last  for  from  twenty  to  fifty  years,  according  to  cir- 
cumstances, while  steam  boilers  and  pumping  machinery  may  have  to 
be  renewed  more  freqtxently  ;  but  in  general  it  may  be  assumed  that 
with  the  changes  rendered  necessary  in  a  growing  city  by  the  gradual 
development  of  residential  into  commercial  districts,  the  costs  in- 
volved in  maintaining  a  proper  standard  of  efficiency  for  the  works  are 
practically  equivalent  to  a  renewal  of  the  perishable  parts  of  the  i3lant 
every  thirty  years.  The  same  period  of  time  has  also  been  generally 
adopted  as  the  duration  of  the  sinking  fund  for  liquidating  the 
bonded  debt  of  the  works  ;  and  until  better  statistics  have  been 
gathered,  this  limit  may  be  accordingly  adopted  for  the  maturity  of 
both  funds. 

To  exhibit  the  English  practice  in  regard  to  the  repayment  of  loans 
for  the  construction  of  public  works,  it  may  be  mentioned  that  out  of 
223  loans,  amounting  in  the  aggregate  to  nearly  85  000  000,  made  by 
the  Local  Government  Board  to  various  communities  in  1874,  about 
&1%  of  both  the  number  and  the  amount  of  money  was  for  a  period  of 
thirty  years  ;  5.8^  of  the  number  and  15.5%"  of  the  amount  was  for 
periods  from  thirty-one  to  fifty-seven  years  ;  while  the  remainder  of 
both  number  and  amount  was  for  periods  less  than  thirty  years  ;  and 
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similarly  in  1892,  out  of  1  122  loans  sanctioned  by  tlie  same  Board  to 
urban  and  rural  sanitary  districts,  41. 5%  was  for  thirty  years,  10. 6% 
for  from  thirty-one  to  fifty  years,  and  47.9%"  for  less  than  thirty 
years.  Furthermore,  out  of  the  104  loans  made  in  the  latter  year  for 
a  period  of  fifty  years,  89  were  specifically  mentioned  as  being  for  the 
purchase  of  land,  thus  recognizing  the  principle  that  the  payment  of 
the  cost  of  the  permanent  pai-ts  of  public  improvements  may  fairly  be 
transmitted  to  posterity  in  some  degree. 

As  the  gradual  formation  of  a  fund  by  a  series  of  annual  payments 
is  generally  understood  only  in  a  vague  manner  outside  of  financial 
circles,  a  few  words  on  this  subject  may  be  permitted.  Each  annual 
payment  is  to  be  invested  so  as  to  yield  a  good  rate  of  interest,  which 
is  to  be  added  to  the  said  payment  or  principal  every  succeeding  year, 
the  interest  for  such  year  then  being  computed  on  the  sum.  Com- 
pound interest  is  thus  had  on  each  of  the  annual  payments,  and  the 
sum  of  these  payments  with  accrued  compound  interest  constitutes 
the  fund.  Expressed  in  mathematical  terms,  the  annual  payment  s, 
which  must  be  made  during  a  period  of  n  years,  and  will  be  invested 
at  compound  interest  at  the  rate  of  7'  %  in  order  to  produce  a  certain 
ultimate  principal  or  sum  p,  is  found  from  the  equation  ; 

r 


'<>«'+ -'lO+i^y-^! 


p- 


Assuming  ^  =  30  and  ;•  —  3,  s  =  0. 02041  p  ;  or,  in  other  words,  the  an- 
nual jsayment  s  made  during  a  period  of  thirty  years  and  bearing  com- 
pound interest  at  '6%,  must  be  about  one-fiftieth  or  ^%  of  the  ultimate 
required  sum  p.  In  like  manner,  if  compound  interest  at  '^\%  could 
be  secured  on  the  annual  payments,  the  amount  of  each  such  payment 
would  be  1.8725*0  of  the  sum  p  ;  and  if  compound  interest  at  ^%  were 
obtained,  the  annual  payments  would  become  \.1\~:)%  of  this  sum.  In 
general,  therefore,  it  may  be  said  that  the  yearly  charge  against  the 
works  for  the  production  of  a  fund  sufficient  to  pay  off  the  original 
cost  of  the  perishable  parts,  or  to  renew  them  after  a  period  of  thirty 
years,  should  be  about  1%  of  such  cost,  and  if  both  items  are  consid- 
ered, the  yearly  charge  should  be  49^  of  this  cost. 

The  foregoing  analysis  of  the  problem  thus  leads  to  the  conclusion 
that  the  proper  annual  charges  or  expenses  of  a  municipal  water- 
works system  should  embrace  the  interest  on  the  bonded  debt  for  con- 
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sti'uction,  a  contribution  to  a  thirty -year  sinking  and  renewal  fund  for 
the  perishable  parts  of  the  plant  alone,  and  the  operating  expenses, 
including  ordinary  repairs  and  betterments.  All  extensions  and 
material  improvements  of  the  system  should  be  regarded  as  new  con- 
struction work,  to  be  paid  for  by  general  taxation  ;  but  a  certain  per- 
centage of  such  cost,  sufficient  to  furnish  the  amount  necessary  for 
renewal,  as  aforesaid,  should  be  charged  to  the  works,  since  it  may 
fairly  be  presumed  that  a  corresponding  revenue  will  be  derived  from 
such  extensions.  On  the  other  hand,  the  works  should  not  be 
charged  with  interest  on  past  cash  payments  for  extensions,  or  for  a 
sinking  fund  for  the  same,  or  for  a  profit. 

Revenue. — Having  considered  the  ijrojjer  yearly  charges  or  expenses 
of  a  municipal  water- works,  and  knowing  that  the  system  should  have 
a  reveniie  equal  in  amount  to  such  exjjenses,  it  next  becomes  of  im- 
portance to  ascertain  how  this  revenue  should  be  obtained.  Obviously 
the  entire  sum  must  be  paid  by  the  citizens,  either  by  assessment 
upon  all  taxable  i^roperty,  or  by  assessment  upon  the  real  estate 
alone  which  is  served,  or  by  dii'ect  charge  for  the  quantity  of  water 
actually  or  presumably  used  in  the  premises  of  each  consumer,  or  by 
a  combination  of  these  charges.  The  latter  method  is  commonly 
adopted,  inasmuch  as  a  considerable  percentage  of  the  water  is  used 
for  a  great  variety  of  general  public  purposes,  and  its  value  should  ac- 
cordingly be  paid  by  a  uniformly  distributed  charge  upon  all  taxable 
property.  In  addition  to  this  sum,  however,  a  certain  proportion  of 
the  total  yearly  cost  should  also  be  paid  by  general  taxation,  since  a 
large  share  of  the  expense  of  construction  and  maintenance  is  due  to 
the  necessary  enlargement  of  the  capacity  of  the  pipes,  reservoirs, 
pumping  machinery,  etc.,  for  the  suppression  of  fires  and  to  provide 
for  the  future  growth  of  the  community. 

In  regard  to  the  proportion  of  the  total  yearly  cost  which  should 
be  paid  by  general  taxation  on  account  of  the  initial  enlargement  of 
the  works  for  fire,  public  and  future  purposes,  much  diversity  of 
opinion  exists.  Some  contend  that  this  charge  should  be  borne  entii-ely 
by  the  present  consumers,  while  others  claim  that  it  should  be  paid 
by  assessment  upon  all  taxable  property,  in  order  to  make  the  water 
rates  as  low  as  possible.  By  the  latter  class  of  advocates  a  sharp  dis- 
tinction is  made  between  taxpayers  and  water  consumers,  or,  as  it  may 
otherwise  be  expressed,  between  the  taxable  property  of  a  community 
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and  the  individuals,  corporations  or  civic  departments  wliicli  consume 
the  water;  and  they  insist  that  inasmuch  as  the  annual  cost  was 
incurred  for  the  genei'al  public  benefit,  instead  of  for  individuals,  all 
taxable  property  should  be  assessed  therefor  uniformly,  exactly  as  in 
the  case  of  the  public  school,  fire  and  police  services.  This  argument 
is  a  very  strong  one,  and  apjieai's  to  have  been  generally  recognized 
in  one  form  or  another,  such  as  the  payment  of  a  rental  for  fire 
hydrants  to  private  water  supply  companies,  or  the  payment  of  a  por- 
tion of  the  yearly  interest  account  where  the  works  are  owned  by  the 
community.  It  may  therefore  be  assumed  that  public  opinion  is  gen- 
ei'ally  in  favor  of  the  proposition  that  some  part  of  the  yearly  cost  of 
the  works  should  be  paid  by  uniform  assessment  upon  all  taxable 
property. 

It  is  obvious  that  the  provision  for  adequate  fire  protection  and 
future  gi'owth  of  the  community  materially  increases  the  cost  of  con- 
struction over  that  which  would  be  required  to  furnish  only  the  quan- 
tity of  water  needed  for  domestic  and  manufactui'ing  purposes.  While 
the  aggregate  amount  of  water  used  per  year  for  suppressing  fires 
may  be  but  a  small  percentage  of  the  total  supply,  yet  it  must  be 
delivered  in  large  volume  during  short  periods  of  time  and  without 
causing  appreciable  interference  with  all  other  uses.  As  a  consequence, 
nearly  every  part  of  the  works  must  have  considerably  greater  capacity 
than  is  required  for  the  service  of  individual  consumers  alone;  and  the 
same  is  manifestly  true  when  provision  is  made  for  future  growth.  A 
number  of  estimates  of  the  increased  cost  of  construction  to  afford  fire 
protection  alone  have  been  made  by  several  exj^erienced  engineers, 
from  which  it  appears  that  such  increase  is  at  least  60%,  or  that  over 
one-third  of  the  entire  cost  is  expended  for  meeting  this  requirement; 
and  it  may  also  be  added  that  a  recent  analysis  of  the  cost  of  the  works 
with  which  the  author  is  connected  has  led  to  j^ractically  the  same 
conclusion. 

With  reference  to  the  provision  for  future  growth  of  the  commu- 
nity, the  ijroportional  costs  of  construction  vary  from  year  to  year,  as 
the  expectations  of  increase  are  being  realized.  Ordinarily,  the  main 
features  of  the  water- works  of  a  large  city  are  designed  so  as  to  requii'e 
no  enlargement  for  a  period  of  from  twenty  to  forty  years,  during 
which  time  the  population  will  jirobably  be  doubled.  The  cost  of  this 
provision  may,  in  general,  be  taken  at  fully  30^  of  the  total  original 
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expense,  or  about  the  same  as  for  the  fire  protection;  and  as  it  was  in- 
curred essentially  with  the  purpose  of  attracting  other  people  to 
become  permanent  residents  of  the  city  and  increase  its  wealth,  the 
investment  partakes  of  the  nature  of  public  speculation.  In  this  view 
of  the  case,  it  is  proper  that  the  yearly  cost  of  such  investment  should 
be  borne,  in  part,  at  least,  by  the  entire  taxable  property.  By  the 
increase  of  population,  however,  the  yearly  consumption  of  water 
gradually  becomes  larger,  and  if  the  price  is  based  on  the  quantity 
used,  the  annual  contribution  to  the  necessary  revenue  from  general 
taxation  will  gradually  diminish,  and  will  cease  entirely  in  this  respect 
after  the  original  provision  for  future  growth  is  exhausted. 

In  ojiposition  to  this  method  of  securing  a  portion  of  the  revenue, 
it  may  be  urged  that  the  entire  yearly  cost  of  the  said  provision  should 
be  included  in  the  water  rents,  on  the  ground  that  the  taxable  projjerty 
of  the  community  is  sufficiently  burdened  with  the  other  charges  pre- 
viously mentioned.  If  this  plan  were  adopted,  the  rates  for  the  use  of 
the  water  would  necessarily  be  very  high  at  the  outset,  but  might  be 
reduced  from  year  to  year  as  the  consumption  increases.  Such  a 
policy  is,  however,  generally  regarded  as  unwise  in  commercial  cir- 
cles, since  great  stress  is  laid  upon  low  and  unfluctuating  water  rates, 
whereby  a  strong  inducement  is  ofifered  to  the  establishment  of  new 
industrial  enterprises,  which  will  cause  a  far  more  rajjid  increase  of  the 
wealth  of  the  city  than  can  possibly  ensue  from  the  slower  growth  of 
the  residential  i^opulation  alone.  When  it  is  argued  in  such  circles 
that  a  somewhat  higher  general  tax  rate  must  make  up  the  deficiency  in 
revenue  which  results  from  a  low  price  for  the  water,  the  answer  is 
promptly  given  that  a  moderate  addition  to  the  general  taxes  is  so 
widely  distributed  as  to  be  practically  inappreciable  to  the  great  ma- 
jority of  taxpayers,  and  that  the  increase  in  the  value  of  real  estate, 
due  to  the  presence  of  such  industries  in  the  community,  abundantly 
compensates  the  owners  thereof  for  their  slightly  higher  taxation; 
whereas,  if  the  same  amount  were  to  be  added  in  the  water  rents,  the 
burden  would  fall  heavily  iipon  the  proprietors  of  industrial  estab- 
lishments, on  whose  enterprise  the  prosperity  of  the  public  is  princi- 
pally dependent. 

There  is,  however,  another  excellent  reason  for  making  a  division 
of  the  financial  burden  between  persons  and  property  which  is  not 
often  considered.     This  is  the  average  annual  sa\ing  in  the  amount  of 
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fire  insurance  premiums  paid  by  the  proijerty-owners,  after  the  intro- 
duction of  an  efficient  system  of  water-works,  over  that  which  would 
be  required  if  the  city  had  no  public  water  supply,  and  as  the  loss  by 
fires  is  never  fully  compensated  by  the  insurance,  there  is  also  the  aver- 
age annual  saving  in  such  uncompensated  loss  to  the  community  in 
consequence  of  the  operation  of  the  water-works.  Even  a  very  super- 
ficial investigation  of  the  statistics  relating  to  insiirance  and  fire  losses 
in  large  cities  brings  to  light  the  fact  that  these  two  savings  are  of 
great  magnitude,  and  a  close  analysis  demonstrates  that  they  are  often 
larger  than  the  annual  interest  charges  on  the  entire  cost  of  the  works. 
Manifestly  the  benefit  thus  gained  applies  mainly  to  i)roi}erty,  al- 
though some  advantage  also  results  to  jiersons  by  reason  of  the  greater 
chance  for  continuous  emi)loymeut  in  a  city  where  fires  are  quickly 
suppressed. 

These  considerations  also  lead  to  the  further  fact  that  the  require- 
ments of  modern  civilization  render  the  development  of  a  large  city 
and  the  resulting  great  increase  in  the  value  of  real  estate  impossible 
without  an  adequate  system  of  water  supply  or  fire  protection.  In 
nearly  all  cases,  the  appreciation  in  the  value  of  such  property  soon 
after  the  introduction  of  water-works  becomes  much  larger  than  the 
cost  of  the  plant,  and  its  market  jirice  continues  to  advance  steadily 
with  the  subsequent  growth  of  population.  This  rise  in  value  and 
the  reduction  in  rates  of  insurance  and  fire  loss  are  clearly  benefits 
which  accrue  only  to  property,  as  opposed  to  persons  or  water  con- 
sumers, and  it  therefore  follows  that  an  equitable  division  of  the 
yearly  charges  should  be  made  between  these  two  elements. 

While  much  more  might  be  said  upon  the  question,  it  seems  to  be 
generally  conceded  that  the  water  rates  of  a  large  city  should  be  as 
low  as  possible,  and  that  a  considerable  proportion  of  the  annual  ex- 
penses of  the  works  should  be  paid  by  general  taxation.  From  the  fore- 
going it  has  been  shown  that,  on  an  average,  fully  one-third  of  the  yearly 
interest  on  the  bonded  debt  for  a  public  water  supply  is  incurred  for 
fire  i^rotection,  and  about  the  same  amount  for  the  provision  for  future 
growth.  The  whole  of  the  former  and  perhaps  about  one-half  of  the 
latter  should  fairly  be  paid  by  general  taxation,  and  in  addition 
thereto  comjiensation  should  also  be  allowed  at  the  established  rates  for 
the  water  which  is  used  for  general  jjublic  jiurposes;  the  remainder  of 
the  revenue  required  to  pay  the  annual  expenses  may  then  be  obtained 
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by  charges  for  the  use  of  the  water  by  all  classes  of  ^jrivate  consumers. 
Under  such  conditions,  and  with  the  understanding  that  the  interest 
account  includes  an  adequate  sum  for  sinking  fund  and  depreciation, 
the  works  may  be  regarded  as  conducted  on  proper  business  princi- 
ples, without  discrimination  in  favor  of  either  taxpayer  or  consumer. 

Application  to  a  Particular  Case. — The  foregoing  j^rinciples  will  now 
be  ajjplied  to  the  case  of  an  inland  manufacturing  city  of  100  000  in- 
habitants, using  on  the  average  8  000  000  galls,  of  water  per  day,  and 
having  a  gravity  conduit  with  a  capacity  of  14  000  000  galls,  per  day, 
costing  .^600  000;  a  distributing  reservoir  of  40  000  000  galls,  capacity, 
costing  §150  000;  an  efficient  distributing  system  of  150  miles  of  pipe, 
ranging  from  4  to  24  ins.  in  diameter,  costing  $1  600  000;  and  costs  of 
administration,  land,  damages,  etc.,  during  construction  of  $650  000; 
thus  making  a  total  original  cost  of  §3  000  000,  all  of  which  is  a  bonded 
debt  bearing  t>%  interest.  It  will  further  be  assumed  that  the  cost  of 
the  perishable  parts  of  the  plant  is  3800  000;  that  the  probable  life  of 
these  parts  is  thirty  years,  and  that  this  amount  of  the  total  debt  is  not 
only  to  be  extinguished  by  an  annual  payment  into  a  sinking  fund, 
but  is  also  to  be  on  hand  for  renewing  such  parts  at  the  end  of  the 
time  named;  also  that  the  yearly  operating  expenses,  including  minor 
repairs,  are  ^50  000. 

As  was  pointed  out  previously,  the  annual  contribution  to  a  thirty- 
year  sinking  fund  is  about  1%  of  the  amount  which  is  to  be  accumu- 
lated; and  since  in  this  case  both  a  sinking  and  a  renewal  fund,  each  in 
the  sum  of  $800  000,  are  to  be  provided,  the  yearly  charges  therefor  will 
accordingly  be  4%"  of  this  amount,  or  $32  000.  Adding  the  interest  on 
the  bonds  and  the  operating  expenses,  as  aforesaid,  the  total  yearly 
exj^ense  account  will  thus  be  .$232  000.  The  question  now  arises  as  to 
the  i^roijortion  of  this  sum  which  should  be  borne  by  general  taxation, 
it  being  assumed  that  the  water  is  to  be  supplied  to  consumers  without 
profit,  and  that  the  continued  i^rosperity  of  the  community  depends 
upon  an  equitable  division  of  the  annual  expense  between  taxpayers 
and  water  consumers. 

From  the  given  conditions,  it  may  readily  be  taken  for  granted, 
without  further  analysis,  that  fully  one-third  of  the  bonded  debt  was 
here  incurred  for  fire  protection,  and  another  third  in  allowing  for  the 
future  growth  of  the  city.  The  interest  on  the  former  sum  and  about 
one-half  of   that  on   the  latter  should  properly  be  paid  by  general 
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taxation,  the  amount  thus  raised  being  !ip75  000.  To  this  should  also 
be  added  some  proportion  of  the  annual  operating  expenses,  since 
the  costs  of  maintenance  are  manifestly  greater  with  pipes  of  large 
diameter  than  with  small  ones,  and  much  expense  is  involved  in  the 
care  of  fire  hydrants  in  winter.  A  reasonable  estimate  of  such  pro- 
portion is  about  one-fifth,  so  that  $10  000  more  would  be  obtained  by 
general  tax  on  this  account.  Furthermore,  the  water  which  is  used 
for  various  jiublic  purposes,  such  as  sprinkling  and  cleaning  streets, 
flushing  sewers,  extinguishing  fires,  constructing  new  public  works, 
supplying  drinking  and  ornamental  fountains,  and  serving  municipal 
buildings,  schools,  hosi^itals,  asylums,  etc.,  should  also  be  jjaid  for  by 
general  taxation  at  substantially  the  same  rate  as  charged  to  private 
consumers. 

In  the  case  under  consideration,  it  is  probable  that  fully  10%  of  the 
gross  supply  will  be  used  for  the  public  purposes  mentioned,  in  which 
event  the  quantity  will  amount  to  about  300  000  000  galls,  per  year. 
As  will  be  seen  subsequently,  the  cost  of  the  water  is  about  5  cents  per 
1  000  galls. ,  so  that  the  value  of  the  quantity  mentioned  becomes  $15  000 
per  year.  Finally,  there  is  the  proportional  part  of  the  annual  con- 
tribution of  S32  000  to  the  aforesaid  sinking  and  renewal  fund,  which 
should  be  paid  by  general  tax;  and  as  it  may  be  assumed  that  not  less 
than  one-third  of  this  account  relates  to  general  j^ublic  purposes,  such 
part  should  accordingly  be  about  $11  000.  The  total  yearly  amount 
to  be  raised  by  general  tax  is,  therefore,  as  follows : 

1.  For  interest  on  jsroportional  part  of   bonded  debt 

incurred  for  fire  and  future  purj^oses $75  000 

2.  For  proportional  i^art  of  annual  operating  expenses .  10  000 

3.  For  value  of  water  used  for  general  public  jsurposes .  15  000 

4.  For   proportional   part   of   anniial   contribution   to 

sinking  and  renewal  fund 11  000 

Total $111  000 

The  total  annual  expenses,  however,  were  found  to  be  $232  000; 
hence,  if  $111  000  be  obtained  by  general  taxation,  the  remainder, 
$121  000,  should  be  secured  from  the  private  consumers,  and  the  ques- 
tion of  the  i^roper  charge  for  the  water  by  meter  measurement  is  reached.- 
As  stated  in  the  outset,  the  average  daily  consumption  in  the  city  is 
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8  000  000  galls.,  of  wbich  a  certain  percentage  is  lost  by  leakage  in  the 
pipe  distributing  system  and  its  appurtenances.  For  the  present,  it 
may  be  assumed  that  such  leakage  is  at  the  average  rate  of  3  000  galls. 
per  mile  of  pipe  per  day,  thus  giving  a  loss  in  150  miles  of  450  000 
galls,  per  day,  or  about  5. 6^^  of  the  gross  consumption.  There  is 
also  a  certain  loss  due  to  under-registration  of  meters  for  which 
allowance  must  be  made,  and  no  great  error  will  probably  be  made  if 
the  same  is  taken  at  4.4%  of  the  gross  consumption,  it  being  assumed 
that  all  service  pipes  are  metered.  The  total  loss  by  these  two  causes 
is,  therefore,  10%,  thus  leaving  7  200  000  galls,  per  day,  or  2  628  000  000 
galls,  per  year,  available  for  public  and  private  use;  and  as  the  sum 
of  $121  000  is  to  be  obtained  by  the  sale  of  this  quantity  of  water,  the 
cost  price  accordingly  becomes  about  4.6  cents  per  1  000  galls.  To 
provide  for  other  contingencies  of  loss  and  errors  in  the  various  esti- 
mated quantities,  such  cost  price  may  be  considered  as  at  least  5  cents 
in  this  case. 

Fire  Streams  and  Leakage.  — In  connection  with  the  foregoing  finan- 
cial questions,  it  also  becomes  of  interest  to  investigate  somewhat 
more  definitely  the  demands  which  are  made  upon  the  water-works 
system  for  fire  purposes,  and  the  losses  by  leakage  from  the  distribut- 
ing pipes  and  their  appurtenances.  The  most  recent  discussions  of 
these  two  subjects  with  which  the  author  is  acquainted  are  contained 
respectively  in  the  valuable  paper  *  on  "  The  Protection  of  a  City 
against  Fire,"  by  John  R.  Freeman,  M.  Am.  Soc.  C.  E.,  and  in  the 
equally  valuable  paper  j  on  the  "Consumption  and  Waste  of  Water," 
by  Dexter  Brackett,  M.  Am.  Soc.  C.  E.  In  the  former,  Mr.  Freeman 
gives  his  own  estimate  of  the  number  of  fire  streams  which  may  be 
required  simultaneously  in  American  cities  of  various  magnitude, 
together  with  similar  estimates  by  Messrs.  J.  Herbert  Shedd  and  John 
T.  Fanning,  Members  Am.  Soc.  C.  E.  These  estimates  are  all  in  tabular 
form,  and  may  be  combined  as  on  the  next  page,  it  being  understood 
that  the  streams  will  each  discharge  from  250  to  200  galls,  per  minute, 
and  that  this  number  refers  to  use  ujjon  large  fires  in  the  commercial 
and  manufacturing  districts. 

The  fiith  column  of  the  following  table  contains  the  author's  esti- 
mate of  the  probable  greatest  number  of  such  streams  that  may  be 

*  See  Journal  of  the  New  England  Water-Works  Association,  "Vol.  vii. 
t  See  Transactions,  Vol.  xxxiv,  p.  185. 
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Table  Exhibitpng   Estimated   Number   of   Fike    Streams   Required 
Simultaneously  in  American  Cities  of  Various  Magnitudes. 


Population  of  community. 


1000. 

4000. 

5000. 

10  000. 

30  000. 

40  000. 

50  000. 

60  000. 

100  000. 

150  OCX). 

180  000. 

300  000. 

250  000. 

300  000. 


Number  of  Fire  Streams  Required  Simultaneously. 


Freeman. 


3  to 

3 

4  to 

6  to 

8  to 

12  to 

8 
12 
15 
18 

15  to  22 
20  to  30 

30  to  50 

2 
Shedd. 


Fanning. 


Kuichling. 


required,  as  deduced  from  the  replies  to  a  recent  inquiry  addressed  by 
liim  to  the  fire  department  chiefs  of  about  fifty  American  cities.  For 
more  easy  comparison,  this  table  is  rei)resented  graphically  in  Fig.  1. 
It  may  also  be  remarked  that  rare  disasters,  like  the  great  conflagrations 
at  Chicago,  Boston,  Lynn,   etc.,  are  not  considered  in  any  of  these 


40  60  80  100  120  140  160 

NUMBER  OF  THOUSAND  INHABITANTS.  (X) 
Fig.  1. 

estimates,  as  the  local  fire  departments  are  usually  unable  to  manage 
a  much  larger  number  of  streams  without  help  from  neighboring  com- 
munities. 

To   determine   conveniently  the   ratio   which   the  total  delivering 
capacity  of    the    distributing   system   should    bear   to    the   quantity 


16  KUICHLING    ON   WATER-WORKS    FINANCIERING. 

required  for  ordinary  purposes  alone,  the  relation  between  the  number 
of  inhabitants  of  the  city  and  the  required  number  of  fire  streams, 
as  well  as  the  ordinary  consumption  of  water,  should  be  expressed 
analytically.  For  the  former,  the  author  has  deduced  from  the  pre- 
ceding table  the  following  expressions,  in  which  ^  denotes  the  required 
number  of  streams  and  x  the  number  of  thousand  inhabitants : 

(  1/  min.  =  1.7-/^  -f  0.03  x  ) 

For  Freeman's  data:    .  x  -  (1) 

j  ?/  max.  =   ^  -f  10  I 

For     Shedd's     data:       y  = -/S^  =  2.24 -/.r (2) 

For  Fanning's   data:       y  =  ~ -\-  9 (3) 

For  the  author's  data:       y  =  2.8  \/  x (4) 

while  for  the  average  ordinary  consumption  of  water,  expressed  in  gal- 
lons per  head  and  day,  q,  Mr.  Coffin's  formula,  as  given  in  his  paper 
previously  cited,  may  be  taken : 

5  =  40.t''-i^ (5) 

A  glance  at  this  table  or  the  diagram  shows  that  the  author's  esti- 
mates of  yare  generally  intermediate  between  the  greatest  values  given 
by  Mr.  Freeman  and  those  given  by  Messrs.  Shedd  and  Fanning;  and 
as  the  corresponding  expression  (4)  is  simple  in  form,  it  may  be  used 
conveniently  in  combination  with  (5),  after  reducing  both  to  discharge 
in  gallons  per  minute.  For  this  purpose  it  will  be  assumed  that  each 
fire  .stream  delivers  250  galls,  jjer  minute,  and  that  in  dealing  with  the 
quantity  requii-ed  for  ordinary  consumption,  the  maximum  rate  of  such 
consumption  during  the  business  hours  of  the  day  should  be  considered 
instead  of  the  average  rate  for  24  hours.  This  maximum  rate  is  usually 
about  1.5  times  the  average,  and  hence  the  total  capacity  of  the  main 
distributing  system  for  a  given  number,  .r,  of  thousand  inhabitants,  ex- 
pressed in  gallons  per  minute,  should  be : 

«=J2aO(2.8v'.V)  +  |i5^.,..»[ 

=  250  (2.8/.^  +  i^) (6) 

while  the  capacity  required  for  ordinary  consumption  alone  is : 

™  1.14 

?.=   250  -^ (7) 

and  that  for  fire  purposes  alone  is : 

?.  =  250(2.8  n/.^) (8) 
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The  ratio  of  the  total  capacity  to  the  quantity  needed  for  ordinary 
purposes  is  thus  found  to  be : 

16.8 


71 


9) 


and  inasmuch  as  the  required  deliveries  Q  and  71  are  proportional  to 
the  squares  of  the  respective  diameters  D  and  d,  the  following  values 

of  the  ratios     I  -^  )  and   (  —j-  )  are  accordingly  obtained  for  differ- 
ent values  of  x,  or  populations  of  different  magnitude. 


For  X  = 

50 

100 

150 

200 

250 

300 

"-^ 

2.374 

1.882 

1.680 

1.566 

1.491 

1.437 

D 

1.54 

1.37 

1.30 

1.25 

1.22 

1.20 

The  cost  jjer  lineal  foot  of  the  usual  east-iron  distributing  pipes 
laid  in  place,  however,  may  in  general  be  expressed  by  the  formula, 
s  =  a  -\-  bd^,  in  which  the  exponent  n  is  unity  for  the  smaller  sizes 
up  to  a  diameter  of  about  10  ins.,  Avhile  for  larger  sizes  it  becomes 
about  1.4;  hence  allowance  must  be  made  for  this  fact  in  computing 
the  relative  cost  of  the  system  when  provision  is  to  be  made  for  fire 
purposes.  It  is  therefore  seen  by  this  general  method  of  analysis  that 
the  estimate  of  one- third  of  the  original  cost  of  the  works  for  fire  j^ro- 
tection  is  not  excessive  for  cities  of  from  100  000  to  300  000  inhabitants. 

With  regard  to  the  invisible  or  undiscoverable  leakage  from  the 
distributing  system  and  its  appurtenances,  such  as  fire  hydrants,  stop- 
valves  and  the  street  cocks  on  the  service  pipes,  little  information  is 
as  yet  available,  especially  in  the  case  of  large  cities.  In  the  papers 
previously  cited,  both  Mr.  Brackett  and  Mr.  Coffin  have  given  some 
interesting  data  about  the  quantity  of  water  not  accounted  for  in  the 
extensively  metered  towns  of  Yonkers,  N.  Y.,  Milton,  Newton,  Welles- 
ley  and  Fall  River,  Mass.,  and  Woonsocket,  R.  I.,  and  have  shown 
that  such  quantity  ranges  from  30%"  to  50^  of  the  Avhole  supply.  It 
appears,  however,  that  some  jiublic  uses  of  w^ater  and  the  slij^  or 
under-registration  of  the  meters  were  not  included  in  the  estimates,  so 
that  the  entire  loss  in  these  cases  cannot  fairly  be  attributed  to  leak- 
age.    In  Berlin,  on  the  other  hand,  the  water-works  authorities  claim 
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that  only  about  2^%  of  the  supply  is  lost  by  leakage,  and  the  question 
naturally  arises  why  such  loss  should  be  so  large  in  American  cities 
and  so  little  in  the  German  capital. 

An  exaraiuation  of  the  different  elements  of  the  problem,  however, 
leads  to  the  conclusion  that  it  is  entirely  improper  to  measure  the 
leakage  by  a  percentage  of  the  supply.  The  quantity  of  water  pass- 
ing through  a  leaky  pipe  bears  no  relation  w^hatever  to  the  loss,  and 
the  latter  depends  only  on  the  size  and  number  of  the  orifices  and 
the  pressure.  Thus  in  a  pipe  from  which  no  draft  is  made,  the  leak- 
age is  100%  of  the  discharge;  whereas  with  a  heavy  draft,  the  same  loss 
may  become  only  a  small  fraction  of  1  per  cent.  A  more  rational 
method  of  expressing  leakage  is  to  state  the  quantity  lost  in  terms  of 
some  unit  of  length  and  time,  such  as  gallons  per  mile  per  day;  and 
when  this  is  done,  many  aj^parent  anomalies  will  probably  shrink  to 
small  proportions. 

It  should  be  understood  that  the  leakage  here  referred  to  is  limited 
to  that  which  does  not  show  on  the  surface  of  the  ground,  and  the  indi- 
vidual components  of  which  cannot  be  detected  by  the  most  careful 
inspection.  Loss  by  wilful  waste  on  the  part  of  consumers  and  by 
breakage  of  i^ipes  is  distinctly  excluded  from  present  consideration, 
since  the  former  may  be  corrected  by  the  use  of  meters,  and  the  escape 
of  a  comparatively  large  quantity  of  water  at  a  single  point  generally 
renders  itself  manifest  after  a  short  time.  The  inquiry  may  therefore 
be  restricted  to  the  loss  due  to  the  sweating  or  slight  drii^jjing  of  the 
pipe  joints,  valves  of  fire  hydrants,  stuffing-boxes  of  stop- valves, 
badly  ground  taps  and  curb  cocks,  and  defective  joints  in  service 
pipes. 

From  close  observation  of  thousands  of  water  pipe  joints  and  fix- 
tures in  various  localities,  both  when  first  laid  and  after  having  been 
in  use  for  years,  the  author  has  reached  the  conclusion  that  a  discharge 
of  one  drop  per  second  from  each  joint,  five  drops  from  each  hydrant 
and  stop-valve,  and  three  drops  from  each  service  pijje,  including  tap 
and  curb  cock,  represents  a  fair  measure  of  the  average  undiscoverable 
leakage  in  a  well-constructed  distributing  system.  As  the  size  of  a 
drop  of  water,  however,  depends  ujjon  the  form  and  magnitude  of  the 
surface  from  which  it  falls,  a  number  of  exi^eriments  were  made  bv 
the  author  to  determine  the  weight  and  volume  of  one  hundred  drops 
falling  from  a  cast-iron  surface  similar  to  that  of  a  pipe  socket,  from 
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whicli  it  was  found  that  one  such  drop  per  second  is  equivalent  to 
about  3  galls,  per  day.  On  this  basis,  and  with  the  assumption  that 
on  the  average  there  are  504  pipe  joints,  12  hydrants,  10  stop-valves 
and  100  service  pipes  per  mile  of  distributing  pipe,  the  leakage  will 
amount  to  2  712  galls,  per  mile  per  day,  or  in  round  figures,  say  from 
2  500  to  3  000  galls,  per  mile  per  day. 

In  comparing  these  figures  and  the  observed  losses  at  the  several 
places  mentioned  in  the  papers  of  Messrs.  Brackett  and  Coffin,  it  should 
be  noticed  that  in  all  of  the  cases,  more  or  less  unmeasured  water  was 
used  for  public  purposes,  and  no  account  was  taken  of  the  under- 
registration  of  the  meters;  furthermore,  there  appears  to  be  mtich  un- 
certainty as  to  the  actual  delivery  into  the  distributing  pipes,  owing 
to  the  variable  allowance  made  for  slip  in  the  jjumps.  Considering 
that  with  the  exception  of  Berlin  and  Fall  River,  most  of  the  cities  are 
small,  and  that  the  unmeasured  amounts  used  for  public  purjioses 
may  easily  be  relatively  large,  it  may  be  assumed  that  10^  of  the 
given  total  delivery,  or  about  4.5  galls,  per  inhabitant  per  day,  is  thus 
consumed;  and  as  most  meters  failed  to  record  the  entire  quantity  of 
water  passing  through  them,  especially  for  small  discharges  such  as 
occur  from  defective  house  fittings,  it  will  probably  be  fair  to  assume 
that  5,%'  more  is  attributable  to  under-registration.  These  two  items 
may  also  include  the  possible  error  in  the  allowance  for  pump  slip. 
For  convenience  of  examination,  the  essential  data  may  now  be  ar- 
ranged in  the  table  on  the  next  page,  the  last  column  of  which  con- 
tains the  computed  leakage. 

In  the  case  of  Berlin,  it  has  been  assumed  in  the  table  that  only 
about  2.5%  of  the  total  delivery  is  lost  by  leakage  from  the  distributing 
pipes  and  apijurtenances,  not  because  there  is  any  good  proof  that  so 
slight  a  leakage  exists  in  that  city,  but  rather  to  indicate  the  author's 
lowest  estimate  of  such  loss  in  a  large  system,  which  has  been  in  use 
for  many  years,  but  is  maintained  in  the  best  possible  condition.  The 
claim  that  only  2.5%  of  the  entire  output  of  the  works  cannot  be 
accounted  for,  and  that  this  also  includes  under-registration  of  the 
meters,  appears  entirely  unjustifiable  to  the  author,  since  large  quan- 
tities of  water  are  used  in  Berlin  for  public  purposes,  which  must 
necessarily  be  estimated  on  somewhat  coarse  lines.  To  those  who  are 
familiar  with  the  details  of  municipal  water-works,  such  a  close 
balancing  of  the  accounts  cannot  fail  to  be  suspicious. 
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Table  Showing  Unaccounted  Losses  of  Water  in  Various  Places,. 

together  wtth  estimates  of  leakage  from  distributing 

Pipes  and  Appurtenances. 
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per  day. 

of  total 

p. 
0 

(Qi) 

deliv- 

15 

ery. 

f^ 

0 

Milton,  Mass 

1893. 

18 

128  529 

62  687 

48.8 

43  408 

2  411 

Newton,  Mass 

105 

1288  000 

595  600 

46.2 

402  400 

3832 

Fall  River,  Mass 

n 

64 

2  217  370 

942  870      42.5 

610  264 

1:9  535 

Woonsocket.  R.  I 

" 

33 

♦3  348  000 

*748  000i     22.4 

245  800 

t7  448 

Yonkers,  N.  Y 

" 

43 

2  623  760 

1010  000 

38.5 

616  436 

il4  336 

Berlin.  Germany 

1889. 

411 

20  000  000 

800  000 

4.0 

t5»4  000 

1300 

(     2500 

Authors  general  estimate. 

\        to 

(     3000 
/ 

*  Average  for  six  months  from  March  1st  to  September  1st.  exclusive  of  amount  used 
for  street  watering,  fountains,  etc..  for  which  a  definite  estimate  is  given. 

+  Least  probable  quantity  as  estimated  by  author,  being  about  2]^°i  of  total  delivery. 

i  These  quantities  are  regarded  as  highly  excessive,  and  are  doubtless  due  to  errors 
in  the  premises. 

With  reference  to  the  leakage  in  the  other  cities,  especially  Yon- 
kers, Fall  River  and  Woonsocket,  it  is  proper  to  state  that  the  large 
figures  exhibited  in  the  last  two  columns  of  the  foregoing  table  are 
purely  tentative,  and  that  a  closer  examination  of  the  actual  con- 
ditions will  doubtless  reveal  a  far  better  general  state  of  the  works 
than  might  be  inferred  from  the  submitted  analysis.  The  results, 
however,  are  instructive,  in  so  far  as  they  point  to  the  exercise  of  the 
utmost  care,  not  only  in  the  original  construction  and  maintenance  of 
an  extensive  distributing  system,  but  also  in  accounting  for  the  water 
delivered  therein. 
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DISCUSSION. 


James  Owen,  M.  Am.  Soc.  C.  E. — The  varying  character  of  the  Mr.  Owen, 
water  supply  in  municipalities  will  materially  affect  the  cash  value  of 
the  plant.  Of  two  similarly  situated  towns,  one  furnishes  a  supply 
under  a  head  of  60  to  70  lbs.,  while  the  other  furnishes  the  water  at  10 
to  15  lbs.  pressure.  It  can  be  readily  seen  that  there  is  a  greater  value 
to  the  community  in  the  water  at  the  higher  pressure  in  the  saving  of 
ajjparatus  for  the  fire  department,  a  point  not  mentioned  in  the  jaaper. 
Another  point  is  the  necessity  in  some  cities  of  furnishing  cheap 
water  for  manufacturing  purposes.  This  is  a  self-evident  business 
proposition,  and  there  are  many  cities  which  have  induced  manufac- 
turers to  settle  in  them  by  furnishing  practically  free  water,  the  cost 
of  which  is  met  by  the  taxpayers  at  large.  In  other  cities  the  higher 
rates  are  insisted  on,  which  has  a  detrimental  effect  on  the  growth  of 
the  manufacturing  industries. 

In  one  city  the  cost  of  laying  pipes  through  a  street  is  assessed 
eqiially  on  unimproved  and  improved  proiierty,  which  puts  the  inti'O- 
duction  of  water  carriage  on  the  same  basis  as  the  improvement  of  a 
street.  The  authorities  say  they  introduce  the  privilege  of  water,  and 
the  property  should  pay  for  it.  If  this  principle  is  extended  it  ^dll 
limit  the  bonds  to  a  large  extent,  and  is  an  excellent  jjractice. 

Another  feature  of  this  subject  is  the  sentiment  in  a  community  as 
to  the  standard  of  the  water  supply  it  should  have.  A  community 
owning  its  plant  is  much  more  tolerant  of  imperfections  in  the  service 
than  are  people  who  live  where  there  is  a  private  water  supply.  It  is 
part  of  their  own  trouble,  and  they  are  willing  to  let  it  run  along.  It 
is  safe  to  say  that  in  New  York  City  some  years  ago,  when  very  few 
houses  had  water  up  to  their  third  stories,  a  private  company  serving 
them  in  that  way  would  not  have  been  tolerated  24  hours. 

KuDOLPH  Herixg,  M.  Am.  Soc.  C.  E. — It  is  hardly  just  to  apply  the  Mr.  Heriag. 
same  rules  for  the  valuation  of  water-works  property  and  service  in 
all  sections  of  the  country  and  in  cities  of  different  sizes.     Rules  may 
be  properly  used  in  a  well-established  city  which  would  be  not  at  all 
ap})licable  in  a  new  and  small  city,  jiist  beginning  to  grow. 

The  point  raised  concerning  the  bonding  of  different  parts  of  a 
water  system  for  different  periods  is  a  good  one;  for  examj^le,  the  cost 
of  a  large  storage  reservoir,  masonry  ac[ueduct  or  other  durable  jjor- 
tion  of  the  works  may  be  met  fairly  and  properly  by  an  issue  of  bonds 
running  longer  than  those  issued  to  cover  the  expense  of  more  i^erishable 
portions,  such  as  pumping  machinei\v,  which  may  wear  out  in  twenty 
years  or  be  replaced  by  new  engines  of  greater  economy  in  operation. 
The  author  has  done  well  to  refer  to  the  gain  to  jn-operty  through 
the  possession  of  water-works  by  reason  of  the  rediiced  fire  insurance 
rates  on  all  the  property  in  the  city.   This  is  a  feature  rarely  discussed. 
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Mr  Meriun.  but  iu  view  of  the  author's  explanation  of  the  method  of  estimating 
this  saving,  it  should  be  considered  hereafter  in  every  valuation  of  a 
water-works. 

Mr.  Tribns.  L.  L.  Tribus,  M.  Am.  Soc.  C.  E. — The  influence  of  water-works  on 
insurance  rates  was  considered  in  all  cases  in  the  preliminary  discussion 
of  works  in  which  the  speaker  had  been  interested,  and  the  representa- 
tives of  insurance  companies  agreed  to  grant  a  reduction  of  15%  to 
309^  in  the  rates  when  the  systems  should  be  in  operation  and  giving 
adequate  tire  protection.  When  this  condition  was  attained,  they 
usually  made  a  reduction  of  10%  to  20%"  Avith  much  reluctance. 


CORRESPONDENCE. 


Mr.  ilawley.  W.  C.  Hawley,  Assoc.  M.  Am.  Soc.  C.  E. — The  City  of  Atlantic 
City,  N.  J.,  on  August  1st,  1895,  purchased  the  plants  of  the  Atlantic 
City  Water  Company  and  the  Consumers'  Water  Company.  Five  per 
cent.  30-year  bonds  to  the  amount  of  8775  000  were  then  issued  to  pay 
for  them;  and  4:h%  30-year  bonds  to  the  amount  of  :^100  000  have  since 
been  issued  for  extensions  and  improvements,  making  a  total  bonded 
indebtedness  of  §375  030,  with  interest  charges  aggregating  §43  250 
per  year.  For  certain  reasons  both  plants  are  operated,  and  hence  the 
annual  operating  expenses,  in  which  are  included  management,  re- 
pairs, minor  additions  and  pumping  expenses,  are  relatively  high, 
about  829  000.  The  amount  decided  upon  as  an  annual  payment  to 
the  sinking  fund  is  822  580,  making  the  total  annual  revenue  needed 
for  the  operation  of  the  water-works  894  830. 

The  equitable  division  of  this  charge  between  the  water  consumers 
and  the  tax-payers  was  a  complicated  problem. 

The  population  of  Atlantic  City  varies  from  the  strictly  resident 
population  of  about  21  000  during  the  fall  and  winter  months  to  more 
than  150  000  during  parts  of  the  month  of  August.  During  the  period 
of  competition  between  the  water  companies,  waste  had  been  en- 
couraged rather  than  restricted,  and  when  the  city  purchased  the 
plants  the  per  capita  pumpage  per  day  was  about  250  galls.  It  was 
therefore  necessary  to  restrict  this  waste  by  the  introduction  of 
meters,  or  else  to  expend  a  large  sum  for  additional  pumping  ma- 
chinery. About  1  500  meters  were  purchased  and  placed  m  service 
with  most  excellent  results,  and  it  is  intended  in  the  next  two  or  three 
years  to  meter  all  consumers.  The  introduction  of  meters  necessitated 
a  change  from  the  assessed  rates  to  minimum  meter  rates,  with  ad- 
ditional charge  for  all  water  used  in  excess  of  the  amount  to  which 
the  minimum  entitles  the  consumer.  This  change  made  it  impossible 
to  estimate  at  all  closely  the  probable  revenue  of  the  department,  and 
the  meter  rates  were  placed  at  18  and  14  cents  per  1  000  galls.     For 
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the  first  year  after  the  purchase  of  the  works  by  the  city  there  was  no  Mr.  Hawley. 
money  raisetl  by  general  taxation  for  the  water  department.  In  the 
second  year  there  has  been  about  ^12  000  so  raised.  The  first  lot  of 
excess  meter  bills,  sent  out  in  February  of  this  year,  forced  to  the 
attention  of  the  j^eople  the  need  and  the  justice  of  raising  part  of  the 
revenue  rer[uired  by  the  water  department  by  general  taxation.  It 
was  argued  that  all  water  used  for  public  purposes,  fire  protection, 
street  sprinkling,  schools,  etc.,  should  be  paid  for  by  general  taxation; 
that  all  improved  property,  which,  by  the  use  of  artesian  wells  or 
cisterns,  avoided  the  payment  of  water  rates,  and  all  unimproved 
property,  the  value  of  which  is  increased  by  the  very  existence  of  the 
water-works,  but  which  pays  nothing  for  water,  should  be  made  to 
bear  their  share  of  the  cost  of  maintaining  the  water-works.  It  was 
therefore  decided  that  there  should  be  raised  annually  by  general 
taxation,  and  turned  over  to  the  water  department,  an  amount  equal  to 
the  value  of  the  water  used  for  j^ublic  purposes,  estimated  to  be 
^10  000,  and  the  amount  required  to  be  paid  into  the  sinking  fund, 
^22  580,  a  total  of  ©32  580. 

By  estimating  the  probable  average  population  per  month,  and 
figuring  on  a  daily  per  capita  use  of  70  to  50  galls.,  and  allowing  for 
leakage,  which  on  account  of  local  conditions  is  considerable,  it  was 
found  that  a  meter  rate  of  12  cents  per  1  000  galls,  would  2Ji'obably 
make  up  the  balance  needed,  $62  250,  this  on  the  supposition  that  all 
water  is  sold  by  meter.  The  12-cent  rate  goes  into  effect  August  1st,  1897. 

It  is  interesting  to  compare  the  results  thus  obtained  with  those 
obtained  by  apjilyiug  the  principles  brought  out  by  the  author.  On 
the  2%  basis  tlie  jiaymeut  into  the  sinking  fund  each  year  should  be 
.'i?17  700.  The  payment  made,  $22  580,  is  M  880  in  excess,  which  will 
provide  in  thirty  years  a  fund  of  $244  000,  which  may  be  used  to 
renew  perishable  parts.  The  annual  charges  are,  as  previously  stated, 
as  follows:  Payment  into  sinking  fund,  $22  580;  interest,  $43  250; 
operating  expenses,  .S29  000;  total,  .$94  830. 

The  present  plants  are  practically  at  the  limits  of  their  respective 
capacities.  It  would  not  he  fair  therefore  to  charge  half  of  one  third 
of  the  interest  because  of  increased  cost  of  works  to  i^rovide  for  future 
growth.     Thei-efore, 

One-third  of  interest  charged  to  cover  increased  cost 

of  plant  to  provide  for  fire  protection $14  400 

Proi>ortional  jiart  of  oi3erating  expenses  to  be  paid 
by  general  taxation  for  maintenance  of  pipes, 
hydrants,  etc. ,  would  be  smaller  in  this  case,  say. .  2  000 

Water  used  for  public  puri^oses 10  000 

Ouo-third  of  annual  payment  to  sinking  fund 7  500 

Total .$33  900 
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Hawle\ .  This  compared  with  ^32  580,  the  amount  now  annually  to  be  raised 
bv  geuex'al  taxation,  shows  a  closer  agreement  than  might  have  been 
expected. 

E.  Stengek,  Assoc.  M.  Am.  Soc.  C.  E. — It  is  not  apijarent  why  the 
author,  in  giving  his  formula  on  page  7,  should  deviate  from  the  usual 
formula  for  determining  the  amount  of  an  annuity.  The  usual  ex- 
pression written  in  the  terms  he  employs  would  be: 

r 

P 


The  equation  gives  the  amount  of  the  annual  sum  to  be  paid  into 
the  fund  at  the  end  of  each  year  for  a  period  of  n  years  in  order  to 
prodiice  the  required  principal  at  the  end  of  the  period;  whereas  the 
author's  formula  would  give  the  annual  sum  to  be  paid  in  at  the  be- 
ginning of  each  year  of  the  period  in  order  to  produce  the  principal 
at  the  end  of  it.  The  shorter  the  period,  or  the  greater  the  rate  of  in- 
terest, the  greater  will  be  the  difterence  between  the  results  of  the 
two  formulas. 
Mr.  Cortin.  Fkeeman  C.  CoFFiN,  M.  Am.  Soc.  C.  E. — The  paper  is  very  valuable 
as  bringing  into  prominence  among  engineers  the  somewhat  neglected 
question  of  the  management  of  municipal  water-works  from  the 
financial  side,  and  in  emphasizing  some  points  that  are  not  generally 
given  the  consideration  that  their  importance  demands.  Especially 
satisfactory  is  the  strong  position  that  the  author  takes  in  opposition 
to  the  endeavor  to  make  a  profit  frem  the  oiseration  of  the  works  or  to 
the  practice,  which  is  sometimes  advocated,  of  charging  the  expenses 
of  some  other  dejjartment  of  municiijal  service  to  the  maintenance 
account  of  the  water  department. 

There  seems  to  be  a  prevailing  impression  that  the  water  service 
is  distinctively  revenue  producing,  and  that  it  stands  by  itself  in 
this  respect,  when  compared  with  other  forms  of  municipal  activity, 
such  as  the  construction  and  maintenance  of  sewers,  roads,  schools, 
etc.  Careful  analysis  will  reveal  no  fundamental  reason  for  this  be- 
lief. On  the  contrary,  when  undertaken  by  the  mimicipality  it  stands 
on  exactly  the  same  footing  as  the  others,  and  is  diff'erent  from  some 
of  them  only  in  the  fact  that  the  service  to  the  individual  can  be 
located  and  measured,  as  it  cannot  well  be  in  the  case  of  roads,  bridges 
and  poor-relief. 

Even  this  is  not  true  of  many  municipal  activities.  The  service 
rendered  the  individual  by  schools  and  sewers  can  be  as  definitely  and 
justly  placed  and  measured  as  that  rendered  by  a  water  supply.  It 
may  be  said  in  reply  that  there  is  a  general  benefit  to  the  community 
derived  from  schools  and  sewers  besides  that  accruing  to  the  indi- 
vidual. This  is  true,  and  it  may  well  be  that  this  general  benefit  far 
outweighs  the  aggregate  of  the  particular  benefits,  and  thus  obliter- 
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Mr.  Coffin, 


\  — 

— 

— 

-\- 

-A 

' 

- 

\ 

1 

1 

1 

( 

1 

\ 

\ 

\ 

<  . 

\ 

/ 

\ 

,' 

\ 

\ 

\ 

1 

\ 

\ 

1 

* 

^ 

\ 

• 

' 

* 

/ 

^ 

\ 

j 

^^ 

- 

\ 

\ 

'* 

h 

\ 

-"..^ 

V 

\ 

-- 

\, 

^ 

\ 

\ 

^ 

y 

\ 

\ 

\ 

\% 

W\ 

•^'x 

— 

-— 

\ 

-- 

-  — 

^^x-^ 

_     o\ 

\ 

1 

\ 

_  i.v_ 

\ 

'n\ 

"^ 

■''X 

^ 

'-c 

^ 

y 

)y 

\ 

"i 

Vi* 

\ 

^-s 

N    \ 

r^ 

-f . 

— 

^°> 

\ 



~^>^ 

\ 

"A'^X^ 

\ 

^\ 

•s 

' 

>\ 

Y^ 

k 

■^^. 

-- 

\ 

■'*>'> 

' 

^ 

K^i 

'\ 

\ 

', 

■^^ 

\ 

- 

\  ' 

'',^ 

s 

) 

^0 

s 

\ 

S^'%.:v 

^ 

NT 

j^ 

^ 

\ 

•S 

''I 

\_ 

\ 

*i 

s)>\\ 

'    ; 

^h^ 

^A 

S 

\  \ 

-  — 

"TA 

\  s 

\\ 

t-,\ 

^^\ 

KV 

\      ^\ 

\\' 

^X    >, 

\\ 

^-^>^'^\\\ 

^?v 

'A 

^» 

-^, 

t?\ 

•^ 

■^^ 

-<^^^ 

i^^^ 

V 

'^i^:?? 

V 

"n. 

">N 

-r^ 

"^^v^ 

^^ 

^^ 

7^^ 

s    ' 

\    V 

s 

V 

N 

\ 

•■S 

\ 

' 

^\ 

..^^ 

^. 

's 

Vr 

'^ 

-- 



, 

1 

_^ 

--T! 

K- 





, 

N  ^ 

i% 

^ 



s 







— 

' — 



— 



•-^9 

B,-zJ 

r^ 

— 

'^- 

x> 

h^ 

■x  '^Xj 

?N- 

s. 

— 

— 

« 

N't 

^  ^ 

^ 

^ 

sS 

--J 

— 

— 

— 











1 

— 

— 

— 

N 

^ 

- 

— 

z:: 

^zi 



"ZZ 



zz 

zz 

ZI 

ZI 

ZI 

ZI 

^i 

— 

:^ 

1 

1^ 

S5^ 

F 

^^ 















, 









^L 

' 

1 — 



— 



r— 

— 

— 

— 

— 



^- 

— 

^ 

X       i  -      ;r5 


•:i        rH       o 


SyV3A  JO  31V0S 


26         CORRESPONDENCE   ON    WATER- WORKS    FINANCIERING. 

Mr  foffln.  ates  any  injiastice  that  is  caused  l\v  the  inequality  of  the  amount  of 
service  rendered  the  individual.  If  this  is  true  of  such  agencies,  it  is 
no  less  ti'ue  of  a  suitable  supply  of  water  for  domestic,  manufactur- 
ing and  fire  purposes.  An  extremely  strong  case  can  be  made  for  the 
supplying  of  water  free,  and  meeting  the  maintenance  account  from 
the  general  taxes.  The  strong  and  valid  objection  to  this  course  is 
that  it  would  deprive  the  department  of  the  only  available  and  effective 
weajjon  of  defence  against  waste  of  water. 

The  question  of  waste  prevention  is  so  vital  that  the  above  objec- 
tion is  a  sufficient  reason  for  continuing  the  present  method  in  some 
form.  If  there  is  any  injustice  in  the  general  practice,  it  is  in  the 
direction  of  making  the  consumer  pay  too  large  a  proportion  of  the 
maintenance  and  the  taxpayers  too  small  a  proportion.  The  author 
shows  the  benefit  to  taxpayers  resulting  from  the  reduction  of  cost  of 
fire  insurance.  The  benefit  from  a  water  supply  to  owners  of  land 
upon  which  there  is  no  insurable  property  is  also  great.  It  is 
notorious  that  this  class  of  property  holders  does  not,  as  a  rule,  jiay 
excessive  taxes. 

To  apportion  the  maintenance  expenses  more  fairly  than  is  usual 
at  present,  a  careful  estimate  of  the  cost  of  maintaining  a  supply  of 
water  for  domestic  and  manufacturing  i:)urposes  alone  should  be  made, 
and  the  same  for  a  fire  service  alone,  and  the  ratio  that  each  bears  to 
the  sum  of  both  is  the  proportion  of  the  maintenance  of  the  combined 
system  that  each  should  pay.  This  ratio  would  probably  be  found, 
upon  an  average,  to  be  about  oi)%  for  each.  This  method  would  re- 
duce the  amount  paid  by  the  consumer  in  many  cases,  but  it  still 
leaves  unconsidered  the  general  benefits  derived  from  a  water  supply 
system. 

In  advocating  the  provision  of  a  sinking  fund  to  cover  the  payment 
of  the  bonds  at  maturity,  and  the  depreciation  of  the  plant  in  the  same 
term  of  years,  the  author  advocates  actual  jjayment  of  the  debt  caused 
by  construction  in  such  term  of  years,  or  in  one  generation;  that  is, 
under  such  a  course,  at  the  end  of  thirty  years  the  bonded  debt  would 
be  paid  and  the  muuiciijality  would,  at  the  rate  advocated  by  him, 
have  in  hand  a  sum  of  money  of  equal  amount.  While  this  is,  of 
course,  a  very  desirable  condition  of  affairs  for  posterity,  the  adoption 
of  such  a  policy  would  place  a  heavy  burden  upon  new  works.  It  is  well 
known  that  very  few  works  during  the  early  years  can  do  more  than 
meet  the  necessary  expenses  of  operation,  interest  and  sinking  fund  to 
pay  for  the  bonds,  without  the  appropriation  of  larger  sums  from  the 
general  taxes  than  could  properly  be  required. 

It  is  also  known  that  the  revenue  in  a  great  majority  of  cases 
increases  faster  than  the  maintenance  expenses.  Fig.  2  shows  the 
average  increase  in  the  revenue  of  five  water- works  systems  of  which 
records   were  given  in   their  reports.     This  diagram  shows  that  the 
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average  increase  of  reveniie  in  these  live  works  is  15%"  annually  for  the  Mr.  Coffin, 
first  five  years,  V2%  for  the  first  nine  years,  10%  for  the  first  sixteen 
years,  and  9%  for  the  first  twenty  years. 

If  sneh  is  the  case,  should  it  be  considered  essential  for  every 
system  to  make  such  provision  as  the  author  advocates  '?  If  a  sinking 
fund  is  created  to  extinguish  the  bonded  debt  at  maturity,  although  it 
may  be  desirable,  is  it  necessary  to  make  further  provision  for  depre- 
ciation ?  If  it  is  necessary,  is  not  thirty  years  too  short  a  term  to  use 
as  the  average  life  of  a  well-biiilt  plant  as  a  whole  ?  If  a  sinking  fund 
is  based  upon  the  total  cost  of  construction,  it  covers  much  that  in  a 
plant  kept  in  good  repair  is  practically  indestructible;  dams,  reser- 
voirs, basins  and  all  improvements  to  drainage  areas  belong  in  this 
class.  Taking  all  of  these  items  into  consideration,  with  that  of  the 
length  of  life  of  cast-iron  pipe,  which  forms  so  large  an  item,  forty 
years  is  perhaps  neai'er  the  average  life  of  water- works  plants  than  is 
thirty  years. 

In  making  provision  for  maximum  draft  upon  the  piping  system 
the  author  uses  one  and  one  half  times  the  average  rate  of  consumjj- 
tion  as  the  maximum  consumption,  to  which  he  adds  the  estimated 
draft  for  tires.  The  writer  has  commenced  a  study  of  the  time  dis- 
tribution of  draft  or  consumjition.  The  data  at  present  collected  and 
examined  indicate  a  great  difference  between  the  average  rate  of  daily 
consumption,  as  obtained  by  dividing  the  total  annual  consumption  by 
three  hundred  and  sixty-five,  and  the  rate  of  draft  at  any  particular 
time  in  the  year,  month  or  day. 

From  the  records  of  thirteen  cities  and  towns  the  average  daily  con- 
sumption for  each  month,  in  percentages  of  the  average  daily  consumji- 
tion  for  the  year,  is  found  to  be  as  follows: 

January 87.20  per  cent. 

February...  89.00 

March 88.65 

April 89.70 

Total 1  200  percent.  -^  12  (months)  -   100  per  cent. 

It  will  be  observed  that  to  systems  depending  upon  the  ordinary 
flow  of  a  river  or  stream,  or  to  those  in  which  the  storage  is  small, 
whether  above  or  below  the  ground,  the  above  table  presents  an  im- 
portant condition.  In  the  five  months  when  the  natural  flow  is  at  a 
minimum,  the  average  daily  draft  is  Vl\%  in  excess  of  the  average  for 
the  year.  In  designing  storage  systems  this  factor  should  be  con- 
sidered and  storage  provided  for  a  draft  through  the  dry  months, 
greater  than  the  average.  In  the  records  of  one  system,  as  shown  by 
the  register  of  heights  of  water  in  the  stand-iiijie,  and  the  iiumjjing 
records,  the  following  is  found : 

That  the  rate  of  draft  in  the  month  of  maximum  consumption  was 
122%  of  the  average  rate  for  the  year.     That  the  rate  in  the  maximum 


May 

, .     09.80  per  cent. 

September. 

109.40  percent. 

June 

..  114.00 

October 

103.00 

July 

..   123.00 

November. . 

92.10 

Augrust . . 

. .  11.3.59 

December. . 

,     88.70 
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Mr.  Coffin,  week  was  134  per  cent.  That  the  rate  in  the  maximum  day  was  155 
per  cent.  That  the  rate  in  the  maxinmm  hour  of  that  day  was  333^  of 
the  average  rate.  That  the  rate  in  the  maximum  two  continuous  hours 
was  312  per  cent.  The  rate  in  the  minimum  hour  of  same  day  was  45 
per  cent.  On  three  days  that  were  studied  in  diflerent  portions  of  the 
same  mouth  (August)  the  average  rate  from  10  a.  m.  to  3  p.  ii.  was  230%' 
of  the  average  rate  for  the  year.  It  is  quite  probable  that  the  rate  of 
draft  for  short  periods  of  several  minutes  at  a  time  was  greater  than 
any  of  the  ligures  given  above. 

The  records  of  another  system  show  results  but  slightly  less.  It 
is  possible  that  data  for  a  greater  number  of  weeks  would  modify  these 
figures.  The  system  from  which  these  records  were  taken  did  not, 
however,  show  as  great  percentage  of  draft  in  July  and  August  as  a 
number  of  others  of  the  thirteen  that  furnish  the  figures  given  in  the 
preceding  table. 

If  the  foregoing  figures  represent  the  iisual  conditions,  twice  the 
average  rate  would  be  a  very  conservative  estimate  of  a  rate  of  draft 
that  would  continue  over  periods  of  time  of  such  length  that  there  is 
strong  i^robabilitv  of  tires  occurring  diiring  them. 

AY.  IviERSTED,  M.  Am.  Soe.  C.  E. — The  paper  deals  with  a  very  in- 
teresting and  important  phase  of  the  water-works  question.  The 
author  in  his  treatment  of  the  subject  has  brought  out  in  a  very  clear 
manner  the  important  principle  that  there  is  a  community  as  well  as 
an  individual  interest  embraced  in  the  ownership  of  all  public  works, 
and  has  endeavored  to  ajjply  this  princii^le  specifically  in  an  effort  to 
evolve  a  plan  of  water-works  financiering,  which  admits  of  an  equit- 
able apportionment  of  the  cost  of  constructing  and  supporting  a  water- 
works plant  among  the  variety  of  interests  which  are  served.  Thus 
each  individual  of  a  community  is  made  to  contribute  his  proportion 
towards  the  acquirement  and  general  support  of  a  water- works,  in 
accordance  with  the  public  benefits  derived  therefrom,  through  a  gen- 
eral tax  levied  upon  the  community,  and  in  accordance  with  the 
individual  advantages  which  he  may  enjoy  as  a  water  consumer  in 
proportion  to  the  amount  of  water  consumed,  and  in  accordance  with 
an  equitable  division  of  this  cost  between  the  jaresent  and  future 
generations. 

While  there  can  be  no  doubt  as  regards  the  fundamental  principle 
of  water-works  financiering  embracing  the  dual  interest  of  the  com- 
munity and  the  individual,  yet  the  plan  of  applying  this  principle,  as 
outlined  by  the  author,  involves  a  classification  of  the  several  portions 
of  a  water-works  property  according  to  the  degree  of  permanency  of 
construction,  which  in  practice  it  is  not  always  easy  to  accomplish. 
It  seems  to  the  writer  that  the  author's  plan  of  financiering  must  apply 
more  to  large,  wealthy  and  commercially  developed  cities  after  many 
years  of  ownershij)  of  a  water-works  property  than  to  those  cities 
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which  ai"e  striving  to  develop  their  resources,  or  which  have  recently  Mr.  Kierstetl. 
acquired  possession  of  such  a  property. 

Ordinarily  a  city  raises  the  money  to  invest  in  the  original  con- 
struction of  a  water-works,  through  an  issue  and  sale  of  bonds.  In 
some  states,  at  least,  statutory  provisions  limit  the  life  of  municipal 
bonds  to  twenty  or  thirty  years,  and  compel  the  creation  and  main- 
tenance of  a  sinking  fund  which  can  be  used  only  for  the  extinguish- 
ment of  the  bonded  debt  at  maturity.  The  wise  purpose  of  such  a 
law  can  scarcely  be  doubted,  as,  by  compelling  each  generation  to 
shoulder  its  own  burden  of  debt,  it  encourages  judicious  expenditures 
of  public  funds  and  tends  to  i^revent  the  handing  down  of  a  heritage 
of  complicated  finances  for  the  municipality  of  a  future  generation  to 
unravel.  It  imposes  a  wholesome  restraint  upon  a  progressive  city, 
irrespective  of  size,  and  should  continue  to  do  so  until  that  city  shall 
have  acquired  independent  wealth  and  prosperity  through  the  per- 
manent development  of  its  natural  trade  resources,  and  shall  have  be- 
come entitled  through  accumulating  experience  in  the  management  of 
municipal  affairs  to  more  liberties  in  the  use  of  its  credit  and  j^o^^er 
of  taxation  than  heretofore.  It  compels  the  extinguishment  of  the 
debt  covering  the  original  cost  of  the  water- works  within  the  limit  of 
life  of  one  generation,  regardless  of  the  fact  that  the  several  portions 
of  the  property  may  be  of  such  a  degree  of  jjermanency  of  construc- 
tion as  to  serve  efficiently  one  or  more  succeeding  generations.  A  city 
so  restricted  in  the  use  of  its  credit  could  scarcely  settle  down  at 
once  to  a  definite  system  of  financiering,  no  matter  how  safe,  equit- 
able and  economical  it  may  be;  and  it  could  scarcely  be  expected 
to  anticipate  future  requirements  to  any  marked  extent  in  the  orig- 
inal construction  of  its  water- works,  or  to  provide  a  depreciation  fund 
for  renewals,  otherwise  than  would  be  found  necessary  in  order  to 
maintain  the  plant  of  a  capacity  to  sujjply  the  current  demands  of  the 
community. 

Thus  a  future  generation  may  come  into  possession  of  a  proj^erty 
largely  free  from  debt,  but  in  a  more  or  less  deteriorated  condition, 
but  that  generation  may  use  the  available  credit  and  taxing  power  of 
the  city  to  renew  the  seriously  deteriorated  portions  of  the  plant,  to 
extend  the  water  service,  and  to  enlarge  slightly  or  reinforce  the  more 
substantial  portions  of  the  property  in  anticipation  of  probable  future 
requirements. 

Thus,  in  the  writer's  oijinion,  many  cities  in  defraying  the  expenses 
of  constructing  a  water-works  plant,  and  in  equitably  proportioning 
the  necessary  tax  for  the  support  of  such  a  property  between  a  general 
tax  and  a  water-consumer  tax,  and  in  creating  special  funds  and 
in  diverting  portions  of  the  revenue  thereto,  must  be  controlled  in  their 
methods  of  financiering  very  largely  by  the  statutory  laws  fixing  the 
amount,  character  and  duration  of  its  debt-makving  power  and  of  its 
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Mr.  Kiereted.  debt,  regardless  of  the  question  of  the  rate  of  deterioration  of  the 
perishable  portions  of  a  water- works  plant,  or  of  an  equitable  division 
of  the  cost  of  constructing  the  more  permanent  portions  among 
several  succeeding  generations. 

While  the  writer  is  not  disposed  to  take  exceptions  to  the  larinciples 
of  water-works  financiering  as  developed  by  the  author,  still  he  thinks 
that  the  application  of  those  principles  must  conform  to  the  varied, 
natural  and  commercial  conditions  and  legal  restrictions  affecting  the 
construction  and  maintenance  of  a  water-works  property  in  differ- 
ent sections  of  the  country,  and  in  particular  instances  must  receive 
modification  from  time  to  time  in  order  to  conform  to  the  changing 
conditions,  privileges  and  requirements  of  a  progressive  city,  thus  ad- 
vancing by  stages  toward  such  a  proper  standard  of  sound  and  con- 
sistent water-works  financiering  as  the  author  has  developed. 
Ml.  i...weth.  Chables  F.  LowETH,  M.  Am.  Soc.  C.  E. —The  writer  believes  that 
imperfect  pipe  systems  are  responsible  for  a  large  waste  or  leakage  of 
water.  The  estimate  in  the  paper  of  2  500  to  3  OnO  galls,  of  leakage  per 
dav  per  mile  of  pipe,  "  in  a  well-constructed  distribution  system,"  he 
believes  is  excessive.  As  a  result  of  testing  several  new  pipe  systems, 
in  most  cases  before  any  service  connections  were  made,  the  writer  has 
come  to  the  conclusion  that  the  leakage  can  be  kept  within  60  to  80 
galls,  per  inch-mile  of  pipe  per  24  hours,  or  600  to  800  galls,  per  mile  of 
10-in.  pipe  line  per  day. 

For  several  years  past  he  has  specified  a  leakage  test  for  all  new 
pipe  systems  or  extensions.  The  permissible  leakage  has  been  limited 
to  from  60  to  80  galls,  per  day  for  each  inch-mile  of  pipe  line,  depend- 
ing upon  the  pressure,  and  inclusive  of  hydrants  and  valves,  and  a 
liquidated  damage  clause  added  to  cover  any  excess  leakage  over  this 
amount.  His  observation  has  been  that  honest  and  experienced  work- 
men can  readily  keep  the  leakage  within  this  limit,  esijecially  when 
warned  beforehand  that  their  work  will  be  tested.  A  comparatively 
small  amount  of  negligence,  however,  will  result  in  a  considerable 
excessive  leakage. 

A  still  more  rational  method  of  expressing  leakage  than  that  pro- 
posed by  the  author  would  include  not  only  the  units  of  length  and 
time,  but,  in  addition,  the  average  size  of  the  pipeline,  such  as  gallons 
per  inch-mile  per  24  hours.  The  table  showing  the  estimated  leakage 
in  various  places  would  be  much  more  instructive  if  the  average  sizes 
of  the  pipe  systems  were  included. 

Imperfect  service  connections  are  a  frequent  source  of  leakage,  es- 
pecially where  these  are  not  put  in  under  the  direct  supervision  of  the 
city  or  water  company. 
Mr.  Williams.  Gabdner  S.  WiLiiiAMS,  Assoc.  M.  Am.  Soc.  C.  E. — The  paper  is 
one  of  particular  interest  to  the  writer  at  this  time,  inasmuch  as  the 
questions  therein  discussed  have  been  under  consideration  in  connee- 
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tion  with  tlie  Detroit  water-works  during  litigation  and  other  con-  Mr.  WiiUam: 
troversy  for  about  five  years. 

While  it  is  not  his  purpose  to  attempt  to  discuss  the  paper  as  a 
whole,  the  results  of  his  deductions  on  certain  lines,  and  some  facts 
which  have  been  collected  in  Detroit,  throw  additional  light  on  a  few 
of  the  points  raised. 

The  water-works  of  Detroit  are  managed  by  a  Board  of  Water 
Commissioners,  and  depend  for  their  revenues  upon,  {a)  the  sale  of 
bonds  when  duly  authorized,  (h)  the  income  from  the  sale  of  water,  (c) 
an  appropriation  of  approximately  .^75  000  annually,  raised  with  the 
general  tax  levy.  In  addition  to  these  items  the  Board  is  the  bene- 
ficiary of  a  bequest  from  a  former  member  of  it  to  the  extent  of  about 
^5  000  annually  at  present,  which  is  required  to  be  expended  in 
beautifying  the  grounds  around  the  pumping  station.  From  these 
revenues  the  Board  is  charged  with  the  maintenance,  extension  and 
operation  of  the  system,  and  the  payment  of  bonds  and  other  indebted- 
ness, biit  is  not  responsible  for  the  furnishing,  setting  or  care  of 
hydrants  for  fire-extinguishmg  purposes,  nor  for  horse  troughs,  the 
money  so  expended  being  raised  with  the  annual  tax  levy  and  con- 
trolled by  the  Fire  Commission  and  the  Board  of  Public  Works.  The 
Board  of  Water  Commissioners  furnishes  without  farther  compensa- 
tion the  water  for  fire-extinguishing  and  for  the  use  of  the  Fire  De- 
partment. The  water  supj^lied  for  all  other  municipal  purposes, 
except  street  and  sewer  flushing  and  horse  water  troughs,  is  paid  for 
by  meter  measurement  or  in  proportion  to  an  estimated  consumjition. 
This  includes  fountains  and  other  uses  in  the  public  parks.  From 
July  1st,  1891,  to  July  1st,  1897,  no  charge  was  made  for  the  use  of 
water  in  lawn  sprinkling  unless  the  premises  were  metered,  and  since 
July  1st,  1894,  no  assessment  has  been  piit  u^jon  laundry  tubs  except  on 
metered  premises. 

The  Fire  Commission,  in  addition  to  about  2  700  hydrants  and  560 
reservoirs  connected  to  the  water-works  system,  has  an  auxiliary  fire 
system  in  the  business  portion  of  the  town,  comijosed  of  pipe  lines 
with  hydrants  attached,  extending  from  the  river  front,  at  right  angles 
thereto,  in  various  streets  of  the  more  extensively  built-up  jjart  of  the 
city.  These  lines  are  supplied  when  used  by  a  fire  boat  which  lies  at 
about  the  center  of  the  river  front,  and  connects  with  whatever  line  is 
required  in  resjionse  to  an  alarm.  The  pumps  on  this  boat  are  rated 
at  30  )  000  galls,  per  hour  capacity. 

The  pressure  maintained  upon  the  water-works  mains  is  so  low  that 
auxiliary  steamers  are  a  necessity  in  all  parts  of  the  city,  and  in  all 
cases  when  a  steamer  takes  water  from  a  hydrant  or  reservoir  a  report 
is  furnished  to  the  Water  Department  stating  the  time  in  service,  the 
pressure  carried,  the  length  and  size  of  hose  used,  the  number  of  lines 
and  sizes  of  nozzles,  as  well  as  the  pressure  upon  the  suction  when  the 
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Mr.  Williams,  engine  is  not  pumping,  and  wlien  it  and  all  other  engines  are  working. 
The  last  two  pressures  are  of  value  in  determining  the  effectiveness  of 
the  distribution  in  time  of  fire.  From  the  remainder  of  the  data  so 
furnished,  the  quantity  of  water  thrown  bv  each  engine  is  computed 
according  to  the  tables  and  formulas  of  John  R.  Freeman,  M.  Am.  Soc. 
C.  E.* 

Similar  information  is  available  regarding  the  fire  boat's  work,  and 
has  been  utilized  in  this  connection. 

With  this  material  as  a  basis,  the  statistics  having  covered  a  period 
of  three  years  for  all  fires,  and  of  several  years  more  as  regards  large 
fires,  it  is  possible  to  approach  the  problem  of  the  cost  of  fire  protec- 
tion on  a  somewhat  difi"erent  side  from  that  treated  by  the  author. 

The  table  on  page  33  gives  in  concise  form  data  that  are  of  interest 
in  the  consideration  of  this  subject. 

From  all  this  it  appears  fair  to  assume  that  the  maximum  hourly 
tire  consumption  in  Detroit,  including  the  supply  from  the  fire  boat, 
will  be  about  600  000  galls. ,  while  the  maximum  hourly  consumption 
from  all  other  causes  has  been  practically  3  000  000  galls.     If  this  city 
is  assumed  to  be  typical  of  others  of  similar  size,  it  follows  that  the 
maximum  hourly   supply  to  be  j^rovided  to  cover  all  requirements 
would  be  3  600  000  galls.     When,  however,  it  is  considered  that  these 
maxima  have  only  been  reached  once  in  the  history  of  the  works,  the 
chance  of  the  two  occurring  simultaneously  becomes  so  remote  that  it 
seems  entirely  warrantable  to  neglect  such  a  possibility.     Actually,  in 
1895,  which  is  remarkable  above  all  years  in  the  history  of  these  works 
for  excessive  consumption,    both   in   hot   and   in   cold   weather,   the 
hourly  consumption  exceeded  2  400  000  galls,  on  426  occasions,  and 
exceeded  2  600  000  galls,  on  118  occasions,  while  in  1896  it  never  ex- 
ceeded the  former  amount.     It  seems  therefore  reasonable  to  assume,  in 
such  a  case  as  this,  that  so  far  as  machinery,  supply  mains  and  intakes 
are  concerned,  those  which  are  sufficient  for  the  ordinary  demands  will 
also  be  sufficient  for  fire  service.     The  admission  of  this  proposition 
excludes  from  the  charge  to  fire  construction  all  machinery  and  in- 
takes, and  all  mains  of  greater  diameter  than  12  ins.  in  a  properly 
designed  system.     While  it  is  possible  to  conceive  a  system  in  which 
this  would  be  a  minimum  limit,  below  which  a  certain  part  of  the  con- 
struction must  be  charged  to  fire  service,  it  would  be  one  radically 
diiferent  from  the  ordinary,  and  only  encoimtered  in  some  sea-inclosed 
city  like  New  York  or  old  Boston;  for  where,  as  in  the  ordinary  city, 
the  business  center  is  on  a  line  through  the  geographical  center  and 
the  pumping  station  at  one  side,  it  must  follow  that  the  mains  supply- 
ing the  territory  beyond  the  business  center,  by  a  proper  arrangement, 
can  be  made  to  furnish  fire  protection  to  the  latter,  that  being  the  only 
point  where  a  maximum  fire  can  occur.     For  example,  if  the  water  for 
*  See  Transactions,  vol.  xxi,  p.  426. 
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TABLE    No.    1.  Mr.  Williams. 


1894. 

1895. 

1896. 

Families.* 

Persons.t 

Families. 

Persons. 

Families. 

Persons. 

Inhabitants 

Consumers 

50  357 
49  912 

258  834 
256  548 

51  857 
51426 

266  545 
264  330 

54  301 
53  901 

279  107 
277  051 

Consumption,  t                Gallons. 

Gallons. 

Gallons. 

..      ,      (Total... 
\ early   (pireg.. 

13  649  779  605 

14  698  451  954 
10  596  000 

1  432  363  623  Feb. 
1  469  650  Nov. 
1  324  870  99() 

13  254  369  371 
11  362  177 

Monthly— 
Max    »T9tal.. 
max..  j  Fire... 

„ (Total.. 

Mean  ,  Fire 

1  424  599  284  Aug. 

3  213  205     " 
1  137  481  634 

1  185  783  689  Jan. 
2  075  095  Apr. 
1  104  530  781 
946  848 

„.        \  Total . . 
'^''^•-  IFire... 
Weekly— 
i.T„^    (Total... 
Max..  ,  Fire... 
,,  „„  (Total... 
Mean  ^  Fire  . . . 

1  008  086  892  Apr. 
261  340  Nov. 

331  729  762 

2  093  110 

261  776  592 

959  152  569  Nov. 
360  965  Sept. 

405  284  725 

1  341  950 

288  888  117 

203  000 

215  953  595 

000 

60  532  971 

945  945 

40  269  731 

29  000 

26  861  510 

000 

2  981  934 
^2  000 

1  677  905 

1  125 

8,32  525 

000 

156.15 
0.11 

1  018  579  350  Nov. 
416  677  Sept. 

308  412  818 

1  696  940 

254  193  380 

217  308 

„.        (Total... 
Mm-    -(Fire... 
Daily— 
„„^    (Total... 
Max..  (Fire... 
,,         (Total... 
Mean  j  Fire... 

221  497  107 
000 

52  176  772 

1  894  575 

37  396  656 

217  474  494 
000 

48  840  0.30 

1696  940 

36  313  340 

31044 

„.        (Total... 
"^>°-  (Fire... 
Hourly— 
ivr^^    (Total... 
Max. .-^  Fire... 
TT^or,  (Total... 
Mean  -^  Fire 

38  754  582 
000 

2  772  801 

216  000 

1  558  200 

27  238  110 
000 

2  360  620 

253  000 

1  516  000 

1  293 

w.        (Total... 
Min..  ,Fire... 
Daily  Mean— 

J^'"     '  Total 
^°'^-    (Fire.. 

794  124 
000 

146.66 

868  320 
000 

131.04 
0.11+ 

sumer.. )  ^"'=-- 

*  By  "Families"  is  meant  the  number  of  establishments,  including  boarding  houses 
and  hotels  using  water  for  domestic  and  culinary  purposes. 

t  Obtained  by  multiplying  the  "  Families"  by  5.14.  a  mean  ratio  obtained  from  last 
four  U.  S.  censuses. 

t  Measured  at  the  pumps  by  plunger  displacement,  allowing  about  2"!^  for  "slip." 
Readings  of  revolution  counters  are  recorded  hourly. 

§  From  water  mains  only.  All  quantities  given  in  the  table  for  "  Fire  "  purposes  are 
included  in  the  corresponding  "Totals." 

supplying  territory  beyond  sections  of  maximum  fire  possibility  be 
carried,  not  in  one  or  two  very  large  mains,  as  is  most  frequently  done, 
but  in  several  of  medium  size  on  different  streets,  both  fire  protection 
and  domestic  service  will  be  served  without  greatly  adding  to  the  cost. 
To  be  specific,  if  a  24-in.  main  is  required  to  supply  a  district  beyond 
one  of  maximum  fire  possibility,  and  for  ordinary  service  in  the  latter 
4-in.  pipe  in  the  various  streets  is  suflBcient,  the  24-in.  main  and  4-in. 
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Mr  Williams,  pipe  may  be  replaced  by  a  16-in.  and  four  12-in.  mains.     From  tables* 
by  E.  B.  Weston,  M.  Am.  Soc.  C.  E. ,  the  cost  per  foot  is  as  follows : 

Cost  of  24-in ^3.502  Cost  of  16-in ^1.899 

Cost  of  four4-in. ..   1.704  Cost  of  foiir  12-in. .  4.980 


•■$5,206  S6.879 

wbich  shows  an  increase  of  32%  for  the  lines  so  treated.  If  the  large 
mains  be  laid  700  ft.  apart,  or  on  every  second  street,  ample  protec- 
tion will  be  afforded  for  a  city  of  this  size,  and  the  increased  cost  on 
the  longitudinal  lines  will  be  about  16/0,  while  there  will  be  no  in- 
crease on  ci'oss  lines,  whence  the  net  increased  cost  of  this  construc- 
tion will  be  only  about  8  jjer  cent.  This  treatment  continues  to  be 
apjilicable  until  the  iDoint  is  reached  where  the  territory  has  nothing 
beyond.  The  hydrants  are  not  included  in  the  above  comjDutation. 
The  value  of  the  hydrants  and  reservoirs  connected  with  the  Detroit 
system  is  about  8600  000  in  position,  while  the  value  of  the  distribu- 
tion alone  is  about  §3  600  000,  or  the  former  amount  to  about  one-sixth 
of  the  latter.  The  aggregate  valuation  of  these  works,  including 
hydrants  and  reservoirs,  is  about  §5  850  000. 

On  this  basis  of  reasoning  the  charge  to  fire  consumption  would  be 
the  following  construction  : 

(a)  Hydrants  and  reservoirs S600  000 

(b)  Increased  size  of  pipe  in  outskirts  amounting 

in  cost  to  about  33^%'  of  81  500  000   500  000 

(c)  Eight  per  cent,  of  cost  of  distribution,  less  (1) 

cost  of  pipe  in  outskirts,  (2)  cost  of  force 
mains  between  works  and  business  center, 
and  (3)  cost  of  large  distributing  mains  not 
divided  for  fire  protection  =  8^^  of  (83  600  000 
—  [$1  500  000  +  1  000  000  4-  600  000])  =  . . . .  40  000 


Total 81  140  000 

or  about  Vd\%  of  the  entire  construction. 

If,  in  addition  to  this  construction  and  the  provisions  for  its  main- 
tenance and  renewal,  the  cost  of  the  water  used  in  fire  extingiiishing 
and  the  maintenance  of  a  fij.'e  dei^artment  is  charged  to  the  general 
tax  levy,  it  seems  that  all  is  done  that  should  be  for  a  fair  and  equita- 
ble distribution  of  the  burden. 

The  writer  does  not  wish  to  be  understood  as  saying  that  the 
Detroit  water  system  has  been  constructed  on  the  highly  ideal  lines 
laid  down  above,  for  it  most  decidedly  has  not,  but  in  several  instances 
lines  that  were  originally  laid  for  the  specific  purpose  of  fire  protec- 

*  See  Engineering  Xeii'S.  June  21st.  1890. 
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tiou  have  come  to  be  utilized  in  the  general  distribution  for  carrying  Mr.  Williams, 
water  to  territory  beyond  that  in  which  they  were  laid. 

The  writer  has  had  occasion  to  investigate  with  considerable  care 
the  leakage  from  a  system  of  pipe  comprising  3  487  ft.  of  10-in. ,  about 
8  000  ft.  being  siibmerged  in  a  river  crossing,  4  700  ft.  of  8-in.  on  land, 
10  8'20  ft.  of  6-in.  on  land,  and  6  300  ft.  of  4-in.,  also  on  land.  Con- 
nected to  the  8,  6  and  4-in.  pipe  are  twenty  hydrants  and  twelve  gates, 
and  on  the  10-in.  pipe  are  three  gates.  The  10-in.  pipe,  where  sub- 
merged, was  laid  with  sjiecial  ball  joints  every  four  to  seven  lengths, 
the  other  joints  being  of  the  ordinary  bell  and  spigot  type.  This  pipe 
was  laid  in  1893,  and  was  first  tested  in  July,  1894,  by  pumj^ing 
throixgh  a  3-in.  disk  meter.  With  an  average  pressure  on  the  pipe  of 
about  90  lbs.,  the  leakage  amounted  to  599  cu.  ft.  in  twelve  hours,  and 
with  a  pressure  of  about  50  lbs.,  tested  after  the  higher  pressure,  the 
leakage  was  277.5  cu.  ft.  in  twelve  hours. 

In  the  fall  of  1894  the  8-in.  line  was  laid  by  day  labor,  and  was 
tested  at  about  50  lbs.  pressiire  in  the  open  ditch,  leaks  being  repaired 
before  covering.  In  1890  the  6-iu.  and  4-in.  pipe  were  laid  by  contract, 
and  the  test  in  the  open  ditch  was  not  required,  although  the  con- 
tractor made  use  of  it  to  some  extent. 

In  November,  1896,  the  whole  system  was  tested  under  the  direc- 
tion of  the  writer,  the  river  crossing  being  investigated  first. 

The  crossing  and  approaches  were  3  487  ft.  long,  of  ordinary  10-in. 
cast-iron  pipe  and  contained  306  bell  and  spigot  joints  besides  49  ball 
joints  and  three  gates.  It  was  ordinarily  supplied  through  two  6-in. 
disk  meters.  For  this  test  a  new  J-in.  disk  meter  was  coupled  in,  so 
that  by  closing  the  gates  the  water  passed  through  a  6-in.  meter,  then 
through  the  J-in.  meter  and  finally  through  the  other  6-in.  meter  to 
the  pipe  to  be  tested.  The  water  Avas  taken  from  the  city  mains,  which 
arc  siii^plied  by  direct  pressiire.  To  reduce  as  far  as  possible  any 
leakage  jitast  the  10-in.  gate  at  the  further  end  in  the  original  test,  a 
10-in.  cap  had  been  leaded  into  the  pipe,  but  for  the  last  test  two  gates 
controlling  the  two  branches  of  the  pipe  about  15  ft.  back  of  the  10-in. 
gate  were  closed  and  then  the  latter  was  shut.  The  three  meters  were 
read  every  five  minutes,  and  pressure  gaiige  readings  were  taken  at 
both  ends  of  the  line  every  minute.  The  pressure  on  the  pipe  at  the 
level  of  the  river  was  between  42  and  43  lbs.  The  record  of  the  meters 
after  one  hour  was:  First  6-in.  meter,  0.0  cu.  ft.;  f-in.  meter,  4.15  cu. 
ft.;  second  6-iu.  meter,  0.00  cu.  ft.;  maximum  flow  in  5  minutes,  0.37 
cu.  ft. ;  minimum  flow  in  5  minutes,  0.32  cu.  ft. 

This  gives  a  leakage  of  745  galls,  per  day.  The  author's  estimates 
would  give  about  1  210  galls. 

The  test  was  then  extended  to  the  rest  of  the  system,  the  same 
meters  being  used  in  the  same  manner,  the  record  being  taken  for  20 
m-inutes  with  all  services  shut  oflf,  from  which  there  resulted  a  leakage 
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Mr.  Williams,  iu  the  entire  system,  including  tlie  10-in.  line,  of  4  847  galls,  per  day. 
The  author's  estimates  would  give  about  6  250  galls. ,  or  deducting 
results  from  the  10-in.  line,  the  figures  would  be,  actual,  4  1U2  galls. , 
and  estimated,  5  040  galls,  per  day. 

Diu-ing  this  test  the  first  6-in.  meter  registered  22.2%  and  the 
second  one  IQ.1%  of  the  water  recorded  by  the  f-in.  meter. 

One  of  the  most  interesting  features  of  this  case  was  the  remark- 
able iinprovement  in  the  line  after  its  first  test,  the  leakage  under  50 
lbs.  pressure  in  July,  1894,  being  4  149  galls,  per  day,  while  in 
November,  1896,  it  was  only  745  galls,  per  day.  The  meters  used  in 
both  cases  were  meters  not  previously  in  service.  It  may  also  be 
proper  to  state  that  the  only  connection  between  the  pipe  tested  and 
the  rest  of  the  system  was  through  the  meters,  the  system  tested  being 
that  supplying  Belle  Isle  Park. 

The  following  table  shows  the  consistency  of  the  three  meter 
records : 

TABLE   No.  2. 


Period. 

1st  6-rN. 

Metee. 

%ris.  Meter. 

2d  6-in. 

Meter. 

Cubic 

Per 

Cubic 

Per 

Cubic 

Per 

Feet. 

Cent. 

Feet. 

Cent. 

Feet. 

Cent. 

20  minutes,  1.45  to  2.05  p.  m.  . 

2.00 

22.2 

9.00 

100 

1.50 

16.7 

10       "          2.05  '■  2.15    "  .. 

8.00 

70.0 

11.42 

100 

8.00 

70.0 

5        "          2.15   ■'  2.20     •'  .. 

12.00 

97.0 

12.37 

100 

ll.fK) 

89.0 

10        ••          2.20   '•  2.30     '•  .. 

25.50 

93.0 

27.40 

100 

23.50 

86.0 

19         ■          2.30   "  2.49     ••  . . 

50.50 

93.3 

54.00 

100 

52.00 

96.3 

11         ••          2.49   "  3.00     '■  .. 

31.00 

93.0 

33.32 

100 

i      31.50 

1 

94.5 

Mr.Kuichling.  E.  KciCHiiiNG,  M.  Am.  Soc.  C.  E. — It  is  gratifying  to  note  that  the 
discussion  of  the  paper  has  not  only  established  the  soundness  of  the 
general  principles  advanced  by  the  author,  but  has  also  elicited  many 
interesting  and  valuable  data  relating  to  the  operation  of  municipal 
water-works. 

The  suggestion  that  the  pi'essure  at  which  the  water  is  delivered 
should  be  taken  into  account  in  estimating  the  value  of  the  plant  is  a 
good  one,  as  in  most  small  cities  the  majority  of  fires  occur  in 
buildings  of  moderate  height,  and  can  easily  be  extinguished  by  hose 
streams  taken  directly  from  the  hydrants  when  the  water  pressure  in 
the  pipes  is  from  40  to  60  lbs. ;  hence,  in  such  cases  the  benefit  accru- 
ing to  the  community  from  the  saving  in  the  operating  expenses  of  the 
fire  department  and  the  reduction  in  the  rates  of  insurance  cannot  fail 
to  be  greater  than  in  cities  where  much  lower  pressures  prevail.  In 
both  instances,  however,  the  size  of  the  distributing  pipes  is  a  very 
important  element  with  insurance  companies  in  determining  how  much 
reduction  thev  will  make  in  their  rates. 
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With  respect  to  the  relative  costs  of  the  diflferent  features  of  a  Mr.  KuichlinR. 
water- works  plant  which  are  mentioned  in  the  paper,  it  was  not  the 
author's  intention  to  imply  that  the  numerical  proportions  suggested 
by  him  were  applicable  in  all  cases,  or  that  they  were  to  be  regarded 
otherwise  than  as  rough  averages.  The  purpose  was  to  gain  due 
recognition  of  these  elements,  leaving  their  ijroper  numerical  values 
to  be  determined  from  a  careful  study  of  each  particular  case. 

So  far  as  the  sinking  fund  formula  is  concerned,  it  is  of  little  con- 
sequence whether  the  annual  payment  is  made  at  the  beginning  or  end 
of  the  year,  provided  the  time  of  making  it  is  distinctly  understood 
when  the  fund  is  first  started.  The  form  of  expression  used  in  the 
paper  is  deemed  preferable  by  the  author,  simply  because  it  is  cus- 
tomary for  municipalities  to  levy  and  collect  taxes  at  the  beginning  of 
their  fiscal  year,  and  the  last  payment  to  the  sinking  fund  will  then 
draw  interest  for  a  year  before  the  fund  finally  matures. 

Concerning  the  statement  that  in  a  great  majority  of  cases  the 
revenue  increases  faster  than  the  maintenance  expenses,  it  may  be  re- 
marked that  during  a  certain  period  of  time  such  increase  is  to  be  ex- 
pected, inasmuch  as  it  rarely  happens  that  all  occupied  premises 
abutting  on  the  streets  in  which  water  pipes  are  laid  will  at  once  be 
suijplied  from  these  pipes.  Usually  a  number  of  years  will  elapse 
after  the  introduction  of  a  system  of  water-works  before  the  private 
wells  in  populous  districts  are  wholly  abandoned,  and  buildings  are 
erected  on  the  vacant  lots  fronting  on  streets  where  the  water  supply 
is  available.  Furthermore,  to  encourage  its  general  use,  the  charges 
for  the  water  are  ordinarily  based  on  the  anticipated  large  future  con- 
sumption, whereby  a  considerable  deficit  occurs  during  the  first  few 
years  of  operation,  which  must  be  met  by  general  taxation  in  the  case 
of  municipal  ownership  of  the  works.  The  gradual  increase  of  revenue 
is,  therefore,  not  a  substantial  gain,  but  merely  an  equalization  of  past 
outlays;  and  when  the  revenue  becomes  excessive,  the  time  has  clearly 
arrived  for  reducing  the  charges. 

The  pleas  made  in  the  discussion  for  sinking  funds  of  long  dura- 
tion and  for  neglecting  the  depreciation  of  the  plant  are  certainly 
strong,  and  cannot  fail  to  strike  a  responsive  chord  in  the  minds  of  all 
who  have  had  practical  experience  in  the  construction  of  costly  works 
for  com^jaratively  small  and  poor  communities.  If  it  were  certain 
that  there  would  be  no  great  future  growth  of  the  city  or  town  after 
the  introduction  of  the  works,  these  arguments  would  be  perfectly 
valid;  but  with  the  rapid  development  of  American  cities,  and  the 
constantly  increasing  necessities  for  greater  municipal  expenditure  in 
all  directions,  posterity  will  doubtless  have  ample  burdens  of  its  own 
without  being  loaded  with  the  debts  of  the  present  generation.  Some 
recognition  of  this  probability  is,  therefore,  proper,  and  the  question 
is  to  what  extent  should  such  be  done  in  cases  where  no  provision  is 
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Mr.  KiiicbliiiK.  made  by  statutory  law.     Obviously  there  is  here  room  for  the  exercise 
of  the  most  careful  judgment. 

Some  instructive  data  have  also  been  submitted  in  regard  to  the 
ratios  of  the  average  daily  consumption  for  the  year  to  the  maximum 
consumptions  per  month,  week,  day  and  hour  in  a  number  of  small, 
medium  and  large  cities.  The  thirteen  cities  and  towns  referred  to  by 
Mr.  Coffin  are  named  in  the  following  statement,  which  likewise 
includes  other  pertinent  data  relating  thereto  derived  from  the 
'•  Manual  of  American  Water-Works,"  1897,  in  order  to  give  a  some- 
what clearer  notion  of  the  local  conditions,  and  to  this  list  there  has 
also  been  added  the  corresponding  data  relating  to  Detroit,  taken 
from  the  s.ame  source. 

Statement  Exhibiting  Genekai,  Data    Relating  to   the   Cities  and 
Towns  Mentioned  in  the  Discussion. 


Name  of  city  or  town. 

e 
c 

« 
1 

<2 

Average  consump- 
tion per  day. 

Maximum     con- 
sumption    per 
day. 

Numl)er  of  taps. 

Number  of  meters. 

Oft 

Wellesley,  Mass 

3  600 
4848 

6  065 

7  577 
11373 

12  103 

13  757 

13  805 

14  590 
20  830 

24  379 

25  448 
32  033 

205  876 

Grallons. 

175  000 

Gallons. 

240  000 

685 
490 
697 

"i  673' 
2  775 
2  663 
2209 

2  969 
1847 
5  917 
3843 

3  714 
48  918 

656 

■  ■   "256  ■ 

638 

4 

1  223 

167 

844 

1261 

1590 

4580 

1  366 

3  706 

4000 

26.0 

Braintree,  Mass 

14.0 

Mifldleborn.  Mass 

213  378 

306  .357 

431  550 

1  325  942 

1  244  000 

510  000 

888  083 

621  464 

1  801  000 

1  148  .390 

3  230  000 

40  000  000 

14.0 

Attleboro.  Mass 

564  0(X) 

28.6 

Charlottetown,  P.  E.  Island 

18.1 

Brookline.  Mass 

63.6 

New  London.  Conn 

43.0 

Marlboro.  Mass 

620  obb 

1000  000 
1  058  092 
3  005  000 
2000  000 

36.0 

Burlington.  Yt 

36.0 

Woonsocket.  R.  I 

41.0 

Newton.  Mass 

120  0 

Taunton.  Mass 

71.0 

Yonkers,  N.  Y 

56.7 

Detroit.  Mich 

60  000  000 

501.0 

It  may  also  be  stated  that  the  ratios  of  the  average  daily  consump- 
tion for  the  year  to  the  maximum  consumptions  per  month,  week,  day 
and  hour,  which  are  given  by  Mr.  Coffin,  relate  to  Attleboro,  Mass., 
for  the  year  1896,  and  are  claimed  to  be  substantiated  by  the  records 
of  the  Woonsocket,  R.  I.,  water-works. 

In  order  to  comjiare  the  aforesaid  ratios  relating  to  the  two  small 
cities  just  mentioned,  with  the  corresponding  ratios  pertaining  to  a 
large  city,  the  averages  of  the  figures  given  by  Mr.  Williams  for 
Detroit  for  the  three  years,  1894,  1895  and  1896,  have  been  reduced  to 
percentages  and  arranged  with  the  others  in  the  following  table: 
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Name  of  Town  or  City. 

Ratio  of  Average  Rate  of  Consump- 
tion    FOR      Entire    Year   to    the 
Maximum  Rates  for   the    Follow- 
ing Periods. 

• 

Month. 

Week. 

Day. 

Hour. 

Attleboro,  Mass.,  and  Woonsocket.  R.  I.,  1896 

Average  for  13  small  towns  mentioned  in  pre- 

Per  cent. 
122 

123 
125 
117 
107 
117 

Per  cent. 
134 

Per  cent. 
155 

Per  cent. 
333 

Detrolt.  Mich.,  for  1894 

127              1»1 
140              150 
121               134 
130      1        142 

178 

"    1895 

•'    1896 

"             ■■      Average  for  3  years 

178 
156 
171 

Mr.  Kuichling. 


An  examination  of  this  table  sliows  that  in  the  smaller  towns  and 
cities,  the  variations  in  the  rates  of  consumption  are  generally  greater 
than  in  a  large  city,  and  that  such  is  particularly  noticeable  in  the 
case  of  the  maximum  hou.rly  rate.  This  circumstance  is  readily  at- 
tributable to  the  fact  that  a  heavy  draft  made  for  fire  or  manufacturing 
purposes  during  a  short  period  of  time,  in  a  small  town  where  the 
entire  daily  consumption  is  moderate,  induces  a  much  larger  ratio 
than  occurs  in  a  large  city,  where  such  drafts  are  distributed  more  uni- 
formly throughout  the  day. 

The  figures  given  for  the  maximum  hourly  tire  consumption  in 
Detroit  are  also  of  interest,  inasmuch  as  they  confirm  the  author's 
estimate  of  the  quantity  of  water  or  number  of  streams  required  for 
this  purpose.  Mr.  Williams  states  that  such  consumption  can  fairly 
be  taken  at  about  600  000  galls,  per  hour,  the  population  in  1896  being 
about  280  000.  The  rate  is  therefore  10  000  galls,  per  minute,  while 
from  the  author  s  formula  (8)  on  page  16,  the  fire  service  would  re- 
quire a  delivery  of  11  700  galls,  per  minute  on  the  assumption  of  250 
galls,  per  minute  for  each  hose  stream;  but  if  an  average  of  225  galls. 
per  minute  for  each  hose  stream  is  adopted,  which  is  probably  nearer 
to  the  truth,  the  formula  will  give  a  required  delivery  of  10  540  galls, 
per  minute. 

With  reference  to  the  loss  by  invisible  leakage  from  the  pipe  joints 
and  appurtenances  of  the  distributing  system,  several  interesting- 
points  have  been  brought  out  in  the  discussion.  On  the  basis  of  tests 
made  with  a  number  of  new  pipe  systems  before  the  connection  of 
service  pipes  thereto,  Mr.  Loweth  considers  that  an  allowance  of  from 
60  to  80  galls,  per  inch-mile  of  pipe  per  day,  or  600  to  800  galls,  per 
mile  of  10-inch  pipe  per  day,  is  sufficient.  While  this  quantity  may 
be  ample  under  the  conditions  stated,  it  is  certainly  too  small  after  the 
system  is  several  years  old,  and  the  lead  joints  have  been  strained  by 
settlements  and  by  repeated  expansions  and  contractions  of  the  pipes 
due  to  changes  of  temperature;  also  after  the  packing  in  the  stuffing 
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Mr  Kuiiliiintf.  boxes  of  stop-valves  is  partly  decayed,  the  valves  of  fire  hydrants 
damaged  by  use,  and  the  tightness  of  the  plugs  in  taps  and  cnrb  cocks 
impaired  by  frequent  handling  or  shock  from  water-ram  in  house 
pipes  and  mains.  All  these  elements  must  be  taken  into  account  after 
the  work  of  construction  is  finished,  and  hence  a  much  different 
standard  is  applicable  to  old  pipe  systems  than  to  new  contract  work. 
The  same  remarks  also  apply  to  the  case  of  the  instructive  experi- 
ments made  with  comparatively  new  lines  of  pipe  in  Detroit;  add  it  is 
fair  to  assume  that  if  the  same  portions  of  the  distributing  system  are 
again  carefully  tested  after  the  lapse  of  some  years,  somewhat  larger 
results  will  be  found.  It  is  to  be  regretted  that  more  experiments  of 
this  chai'acter  are  not  available,  as  they  afford  valuable  clues  to  many 
anomalies  which  are  encountered  in  water- works  practice. 
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RECENT  TESTS  OF  BRIDGE  MEMBERS. 


By  J.  E.  Geeinee,  M.  Am.  Soc.  C.  E. 
Peesented  at  the  AmJUATi  Convention,  1897. 


WITH  DISCUSSION. 

DuriBg  the  past  two  years  the  author  has  made  a  number  of  tension 
tests  on  bridge  members  other  than  eye-bars.  These  tests,  while  not 
exhaustive,  are  in  a  channel  outside  of  the  usual  run,  and  it  is  believed 
that  the  results  obtained  furnish  information  of  a  kind  likely  to  be  of 
general  interest  and  value.  The  investigations  are  divided  into  six 
series,  A,  B,  C,  D,  E  and  F,  of  which  A,  B  and  C  pertain  to  the 
strength  and  value  of  built-up  tension  members,  D  to  the  net  area  re- 
quired back. of  pin  holes  in  plates  having  sheared  and  planed  ends,  E 
to  the  tensile  strength  of  single  angles  having  ends  riveted  to  connec- 
tion plates,  F  to  the  strength  of  steel  which  has  been  worked  jjartly 
hot  and  partly  cold.  These  different  series  will  be  discussed  in  regular 
order. 

Series  A,  Tests  1  to  10. — These  tests  were  made  with  the  view  of 
ascertaining  to  what  extent  the  individual  pieces  of  built-up  members 
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•will  act  together  while  under  a  tensile  strain,  the  efficiency  of  difierent 
styles  of  webs  or  lacing,  and  whether  the  results,  as  compared  with 
specimens,  make  a  better  or  worse  showing  than  those  obtained  from 
eye-bars. 

There  are  five  designs  and  two  tests  of  each  design,  the  detail  draAv- 
ings  of  which  are  given  in  Fig.  1.  End  connections  were  designedly 
made  strong  enough  to  insure  rupture  in  the  body  of  member, 
but  attention  is  called  to  the  eccentric  attachment  of  pin  plates  to 
pieces  1  and  2,  and  to  the  more  direct  attachment  to  the  others.  In 
members  1,  2,  5  and  6  the  rivets  are  so  arranged  that  but  one  hole  in 
each  angle  need  be  deducted  in  order  to  arrive  at  the  net  section,  but 
in  pieces  3,  4,  7,  8,  9  and  10  the  rivets  stagger  by  less  that  fin.,  thereby 
reducing  the  gross  section  of  each  angle  by  the  area  of  two  holes,  or 
else  requiring  this  area  to  be  determined  by  a  zigzag  line  passing 
through  the  nearest  holes.  The  rivets  used  were  i  in.  in  diameter, 
holes  were  punched  i%  in.  in  diameter  and  assumed  as  f  in.  in  diameter 
in  arriving  at  the  net  section.  The  ends  of  plates  were  simply 
sheared  oflf. 

The  material  was  soft  basic  open-hearth  steel  rolled  at  Pencoyd  for 
Tests  1  and  2,  and  by  the  Carnegie  Steel  Company  for  Tests  3  to  10. 
Pieces  1  and  2  were  made  and  tested  at  Pencoyd,  the  others  at  Edge 
Moor. 

Table  No.  1  gives  the  results  of  specimen  tests  cut  from  the  material 
used  in  the  built-up  members,  the  elastic  limit  having  been  determined 
by  the  drop  of  the  beam  and  the  elongation  taken  in  a  length  of  8  ins. 

TABLE  No.  1. — Specimen  Tests,  Series  A. 


Tests  1  and  2. 

Tests  3  to  10. 

Angles. 

Angles. 

Plates. 

Average. 

40  700  lbs. 

58  200  lbs. 
25.25% 
62.50% 
Silky. 

39  900  lbs. 

56  500  lbs. 
26.20% 
57.00% 
Silky. 

36  600  lbs. 

59  300  lbs. 
25.60,V 
57.00% 
Silky. 

38  250  lbs. 

57  800  lbs. 

26.90% 

57.00% 

Fracture 

Silky. 

Table  No.  2  contains  all  data  in  connection  with  the  design  of 
members  in  this  series,  the  percentages  being  based  on  areas  obtained 
from  assumed  stresses  as  follows :  Tension,  15  000  lbs. ;  bearing  on  pins 
and  rivets,  20  000  lbs, ;  shearing  on  rivets,  10  000  lbs. 
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H  Rivets    Vi  Punched  Holes 
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Test  Pieces  7  & 
Fig. 1. 
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TABLE  No.  2. — Data  Rklattng  to  Membeks  of  Sekies  A. 


Area. 

Percentage  Excess. 

Mark. 

Gi-oss. 

Net. 

Bearing 
on  pins. 

Net  Area. 

*Through 
pin  holes 

*Back  of 
pin  holes 

Rivets. 

Iand2 

3  and  4 

5  and  6 

7  and  8 

9  and lO . . . . 

4.80 
4.80 
4.80 
6.68 
4.80 

4.18 
3.78 
4.18 
5  34 
3.78 

4 
8 
4 
10 
8 

21.1 
41.5 
28.2 
34  2 
41.5 

47  6 
50.0 
35.6 
41.6 
50.0 

12.9 
34.6 
21  8 
36.3 
34.6 

50.5 
76.2 
59.4 
37.5 
76.2 

*  The  figures  in  these  two  columns  represent  the  percentage  of  increased  area  over 
actual  net  area  through  body  of  member. 

The  elastic  limit  of  the  built  pieces  was  determined  by  the  action 
of  the  gauge  and  bv  observing  the  scaling  of  the  members.  The  two 
observations  agreed  closely  in  all  cases  excepting  Nos.  3  and  4  where 
the  gauge  determination  was  excessive  by  9. 1%  for  the  former  and 
4.6%  for  the  latter.  The  gauge  determination  is  given  in  Table  No.  3. 
Elongation  is  measured  from  back  to  back  of  pin  holes. 


TABLE  No.  3.— Results  in  Detail  of  Tests  in  Seetes  A. 


Elastic  Limit. 

Ultimate  Strength. 

Mark. 

Total. 

Per 
square  inch. 

* 

1 
Total.          squa^*"inch." 

Elongation. 

1 

Pounds. 
136  000 
150  000 
182  000 
174  400 
1.59  200 
174  400 
231300 
238  800 
185  800 
174  400 

Pounds. 
32  536 
35  885 
48148 
46  138 
38  086 
41722 

43  315 

44  719 
49  153 
46  138 

Pounds.            Pounds. 

199  000        '          47  607 
201  000                  48  086 

200  900                  53  148 
193  400                  51  164 
200  900                  48  062 
200  900                  48  062 
269  200                  50  412 
282  100                  52  828 
205  000                  54  233 
205  000        1          54.233 

Inches. 
1  31 

2 

1.31 
1.53 

2.28 
2.41 
1.03 
1  53 
1.53 
1  41 

3 

4 

5 

6 

7 

8 

9 

10 

1  56 

The  average  results,  together  with  the  percentage  ratio  of  the  devel- 
oped strength  to  the  strength  of  specimens,  is  given  in  Table  No.  4. 
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TABLE  No.  4. — Avekage  Resot-ts  and  Compabison  with  Specimens. 


Pounds  Per  Square  Inch. 

Comparison  with 
Specimens. 

Mark. 

Elastic 
limit. 

Ultimate 
strength. 

Elastic 
limit. 

Ultimate 
strength. 

Remarks. 

land  2 

34  211 

47  817 

84.0V 

82  3%- 
93  3X 
85  06^ 
89. 3% 
96.0.V 

3  and  4 

47 143         1        52 156        i       118  2^ 
39  904         1        48  062        1      100.0^ 
44  017         1        51  630              115  1.V 
47  646                 .M  2.3:^         1       119. 45i' 

Single  lattice. 
Batten  plates. 

5  and  6 

7  and  8 

9  and  10 

Zigzag  lattice. 

See  Plate  I  for  the  ai^jjearance  of  the  members  after  fracture. 

The  jjins  used  in  the  first  two  tests  "were  slightly  bent,  and  the  pin 
holes  elongated  ro  in.  In  Tests  3  to  7  the  pins  were  of  soft  steel,  and 
were  bent  and  sheared  considerably,  the  bending  amounting  to  as  much 
as  %  in.  in  a  length  of  15  ins.  The  bent  pins  distorted  the  holes,  and  as 
the  pull  was  transmitted  through  links  taking  hold  of  the  pins  on  the 
outside  of  the  jjlates,  the  bending  had  a  tendency  to  force  these  pin 
plates  together.  In  Tests  8  and  10  the  pins  were  case-hardened  and 
bent  but  yV  in. ,  with  no  perceptible  shearing  and  no  distortion  of  the 
pin  holes.  Fracture  was  generally  clean  and  silky,  with  an  occasional 
granular  spot  about  the  rivet  holes.  The  rivets  remained  tight,  with 
no  indication  of  shearing  except  where  noted. 

Observations  taken  during  tests  are  as  follows: 

No.  1.  The  lattice  bars  drew  the  flange  angles  in  to  a  noticeable 
extent,  while  the  jaws  bent  inward  at  the  ends.  Fracture  began  at  the 
edge  of  the  inner  leg  on  a  line  with  the  rivets  in  the  first  pair  of  lattice 
bars,  the  cross-section  of  the  angles  contracting  noticeably  at  the 
critical  line  before  i^ulling  apart. 

No.  2.  This  was  a  duplicate  of  No.  1;  it  broke  in  a  similar  manner 
and  had  similar  accompanying  characteristics. 

No.  3.  The  lattice  bars  pulled  the  flange  angles  together  and  the 
jaws  contracted,  but  all  distortion  was  of  a  much  less  extent  than  that 
observed  in  Tests  1  and  2.  Fracture  began  at  the  edge  of  the  outer  leg 
on  a  line  with  the  rivet  in  the  lattice  bar  near  the  tie  plate.  Rupture 
of  the  other  angles  followed  an  instant  later,  but  they  were  bent  out- 
ward, due  to  the  uneven  pull  after  the  first  fracture. 

No.  4.  This  was  a  duplicate  of  No.  3,  broke  in  similar  manner  and 
had  similar  accompanying  characteristics. 
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No.  5.  The  flanges  between  the  tie  plates  bent  outward  while  the 
jaws  contracted  to  bnt  a  very  small  extent.  Fracture  began  at  the 
edge  of  the  outer  leg  on  a  line  with  the  rivets  near  the  end  of  the  pin 
plates.  After  both  angles  of  this  flange  had  broken,  the  opposite  pair 
of  angles  ruptured  suddenly  through  the  end  rivet  of  the  center  batten 
plate. 

No.  6.  This  was  a  duplicate  of  No.  5.  Fracture  began  in  one  angle 
through  the  last  rivet  in  the  pin  plate  while  the  other  angle  of  the  pair 
broke  almost  at  the  same  instant  through  the  end  rivet  of  the  center 
batten  plate.  The  opposite  j^air  of  angles  gave  way  at  about  the  same 
time  at  points  diagonally  opposite  the  first  two  fractures.  Jaws  at 
the  A  end  were  slightly  contracted,  while  the  angles  between  the  bat- 
ten plates  spread  outward  the  same  as  in  Test  5. 

No.  7.  The  four  angles  broke  almost  simultaneously  through  the 
end  rivets  in  the  pin  plate,  the  line  of  rupture  on  the  web  being  irregu- 
lar.   The  jaws  were  contracted  slightly.     There  was  no  other  distortion. 

No.  8.  This  w^as  a  duplicate  of  No.  7,  with  similar  fracture.  The 
jaws  were  not  so  much  contracted,  and  there  was  no  distortion. 

No.  9.  Fracture  began  through  the  rivet  hole  at  the  foot  of  the 
second  inclined  lattice  bar,  and  the  adjacent  angle  gave  way  before  the 
opposite  pair  broke  on  a  line  of  rivets  near  the  end  of  the  pin  plate. 
There  was  no  perceptible  deformation  of  the  member  except  in  the 
very  small  contraction  of  the  jaws  at  the  B  end. 

No.  10.  This  Avas  a  duplicate  of  No.  9.  It  began  to  fail  through  the 
rivet  holes  at  the  end  of  the  pin  i^late,  both  angles  of  one  pair  breaking 
simultaneously.  The  piece  then  gradually  swung  around  until  the 
opposite  angles  broke  through  the  rivet  holes  at  the  top  of  the  second 
inclined  lattice  bar.  The  center  stiffening  angle  broke  on  the  line  of  the 
end  rivet  at  about  the  same  time.  There  was  a  very  small  contraction 
of  the  jaws  at  the  B  end,  but  no  other  deformation  except  that  due  to 
the  uneven  piill  after  the  first  fracture. 

Through  the  courtesy  of  C.  C.  Schneider,  M.  Am.  Soc.  C.  E. ,  and 
Mr.  Frank  Heisler,  Vice-President  of  Edge  Moor  Bridge  Works,  the 
author  was  furnished  with  comparisons  of  specimen  and  full-size  tests 
of  eye-bars  made  of  acid  and  basic  open-hearth  and  Bessemer  steels, 
the  average  results  of  70  tests  being  scheduled  in  Table  No.  5,  which  also 
gives  the  ratio  of  the  strength  of  the  eye-bars  to  the  strength  of  the 
specimens.     The  specimens  were  not  annealed. 
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TABLE    No.    5.  — CosiPAiusoN   op    SpECiiiEN  and  Fixll-Size  Eye-Bar 

Tests. 


Material. 

No.  of  Tests. 

Specimens. 

Full  Size. 

Percentage  of 
strength 

E.  L. 

Ult. 

E.  L. 

Ult. 

developed. 

Basic  O  -H 

10 
15 
14 
31 

38  250 

36  990 

37  780 
36  350 

65  ()00 
65  520 
60  840 
62  370 

31  1.30 

30  160 

32  370 

31  420 

60  300 
57  910 

55  800 

56  970 

91.9 

Acid  OH 

88.4 

91.7 

Acid  &  Basic  O.-H. 

91.3 

Average 

70 

37  342 

63  582 

31  270 

57  745 

90.8     'I 

By  comparing  the  percentages  in  Table  No.  5  -with  the  results  given 
in  Table  No.  4,  it  will  be  observed  that  Tests  1,  2,  5  and  6  do  not  make 
as  good  a  showing  as  eye-bars.  Tests  7  and  8  are  almost  as  good,  while 
Tests  3,  4,  9  and  10  make  even  a  better  showing,  so  far  as  the  ultimate 
strength  is  concerned.  All  tests  in  the  series,  with  the  exception  of 
Nos.  1  and  2,  show  a  very  large  elastic  limit,  while  the  elongation  with- 
out exception  was  decidedly  small. 

The  results  of  these  tests  seem  to  indicate  that  built-up  I  sections 
having  double  lattice  bars  for  webs,  such  as  Nos.  1  and  2,  and  those 
having  batten  plates,  as  Nos.  5  and  6,  are  not  so  effective  as  members 
with  single  lattice  or  solid  webs.  Double  lattice  drew  the  flange  angles 
together  and  caused  secondary  bending  strains  which  were  not  relieved 
even  by  the  eccentric  attachment  of  the  pin  plates,  and  the  bending 
had  a  tendency  to  cause  fracture  to  start  from  the  edges  of  the  inner 
legs  of  the  angles  at  a  rather  low  indicated  stress. 

Batten  plates  without  lattice  did  not  prevent  an  outward  bending 
of  the  angles,  and  results  were  not  much  better  than  obtained  for 
double  lattice. 

On  the  other  hand,  single  lattice,  such  as  in  Nos.  3,  4,  9  and  10,  and  a 
solid  web  plate  as  Nos.  7  and  8,  gave  the  least  distortion.  There  is, 
therefore,  so  far  as  can  be  discovered  from  tests  of  this  series,  no  reason 
why  built-up  members  of  these  three  types  should  not  be  used  with 
the  same  unit  stress  as  is  allowed  for  eye-bars,  and  in  cases  of  solid 
webs  no  reason  why  the  web  jilate  should  not  be  considered  as  effect- 
ive section.  This  is  the  practice  with  some  engineers,  although  others 
insist  upon  lower  stresses  for  built  members  used  in  tension.  The  con- 
tinuation of  these  tests  in  series  B  and  Cmay  temper  whatever  conclu- 
sions one  may  draw  from  results  of  each  series  considered  independently, 
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consequently  series  A,  B  and  G,  also  possibly  D,  should  be  studied  in 
conjunction  with  each  other,  and  conclusions  not  be  drawn  too  hastily. 

Series  B,  Tesis  11  to  18. — This  series  was  made  with  the  same  object 
in  view  as  outlined  for  Series  A ,  and  in  addition  an  effort  was  made  to 
ascertain  whether  the  connection  of  both  legs  of  the  main  angles  to 
pin  jjlates,  as  in  jjieces  15  to  18,  would  be  of  any  material  benefit. 

There  are  four  designs  in  pairs,  each  having  two  webs  and  four 
angles,  the  pins  passing  through  the  webs  as  shown  in  Fig.  2.  The 
data  in  connection  with  the  designs  of  these  pieces  are  as  follows  : 
Gross  area,  8.64  sq.  ins. ;  holes  deducted,  14,  assumed  to  be  f  in.  dia- 
meter  ;  net  area,  6. 72  sq.  ins.  on  zigzag  line.  The  sections  through 
and  back  of  the  pin  holes  are  excessive  in  every  case. 

The  material  was  soft  basic  open-hearth  steel  rolled  by  the  Carne- 
gie Steel  Company.     Members  were  made  and  tested  at  Edge  Moor. 

The  elastic  limit  in  Table  No.  6  was  detei'mined  by  the  drop  of  the 
beam.     The  elongation  was  taken  in  a  length  of  8  ins. 

TABLE  No.  6. — Specimen  Tests,  Series  B. 


Elasticlimit  

Ultimate  strength 

Elongation 

Reduction 

Fracture 


Angles. 


39  900  lbs. 
57  900  lbs. 
27.00  X 
52.00% 
Close  silky. 


Plates. 


Average. 


36  600  lbs. 
59  300  lbs. 
25.60% 
57.00  X 
Close  silky. 


38  250  lbs. 
58  600  lbs. 
26.30% 
54.50% 
Close  silky. 


The  elastic  limit  of  built  members  as  determined  by  gauge  and 
scaling  agreed  in  all  tests  in  Table  No.  7,  except  Nos.  11,  12  and  14,  in 
which  cases  scale  began  to  drop  at  stresses  of  45  200,  42  500  and  44  670 
lbs.  per  square  inch  respectively.  Elongation  was  measured  back  to 
back  of  pin  holes  the  same  as  before. 

TABLE  No.  7. — Restolts  of   Tests  in  Detail,  Series  B. 


Elastic  Limit. 

Ultimate  Strength. 

Elongation. 

Total. 

Per  sq.  in. 

Total. 

Per  sq.  in. 

Inches. 

11  

Pounds. 
341  200 

Pounds. 

Pounds. 
348  800 
320  000 
375  30O 
341  200 
320  100 
326  100 
310  900 
322  300 

Pounds. 
51904^ 
48  512'' 
55  848") 
50  774-' 
48  526^ 
48  526-' 

46  264*) 

47  961V 

0.94 

12     

254  000                    S7  79« 

1.94 

13 

14 

15 

16 

17 

18 

314  700 
269  200 
307  100. 
303  300 
242  600 
310  900 

46  830 
40  060 
45  699 

45  1*4 
36  101 

46  265 

1.81 
2.31 
1.56 
1  31 
0.81 
2.06 

•J-<yxiJ^        ' 
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■J  Rivets. 

^Punched  holes. 

Pin  Holes  ^  Larger  than  Diameter  of  Pin. 

\'x%',o'l%"  LatticeBarsl'j'x '4" 


Fio.  2. 
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The  average  results,  together  with  the  comparison  of  strength  of 
members  with  specimens,  are  given  in  Table  No.  8. 

TABLE  No.  8. — Average  Results  and  Comparison  with  Specimens. 


Pounds  per  Square  Inch. 

Comparison  with  Specimens. 

Elastic 
limit. 

Ultimate 
strength. 

Elastic 
limit. 

Ultimate 
strength. 

Remarks. 

11,  12.. 
13,14.. 
1.5,  16. . 
17,  18.. 

44  286 
43  445 

45  417 
41  183 

50  208 
53  311 
48  526 
47  113 

115.8% 
113.6% 
118.7;!J' 
107.7% 

85.7% 
91.0% 
82.8% 
80.4% 

( Lattice  bars. 
1  Narrow  pin  plates. 
1  Batten  plates. 
i  Narrow  pin  plates. 
( Lattice  bars. 
I  Wide  pin  plates. 
)  Batten  plates. 
( Wide  pin  plates. 

TT 


/l^ 


See  Plate  II  for  the  ajjpearance  of  the  members  after  fracture. 

The  pins  used  in  Tests  11  to  15  were  soft  steel  and  were  bent  and 
sheared  considerably,  the  bending  amounting  to  -11  in.  in  15  ins.  In 
Tests  16, 17aad  18  the  pins  were  case-hardened,  and  the  two  if-in.  pins 
bent  W  i'^-)  while  the  three  -i^ij-in.  pins  bent  about  Va-in.,  without  any 
shearing  or  measurable  distortion  of  holes. 

The  fractures,  except  where  noted  otherwise,  were  silky  and  prac- 
tically free  from  granulation.  Other  observations  taken  during  the 
tests  are  as  follows : 

No.  11.  Fracture  began  in  one  top  angle  which  broke  through  the 
end  rivet  hole  in  the  batten.  The  other  parts -followed  quickly,  the 
parts  being  distorted  daring  the  course  of  rupture.  This  distortion 
was  not  noticeable  until  the  piece  began  to  fail. 

No.  12.  This  was  a  duj^licate  of  No.  11.  Fracture  began  through 
the  end  lattice  rivet  of  one  angle,  and  then  continued  through  the  plate 
and  other  angle.  The  first  side  had  broken  completely  through  be- 
fore the  opposite  side  began  to  fail.  There  was  no  noticeable  distor- 
tion until  failure  began. 

No.  13.  Fracture  began  through  one  end  rivet  in  the  batten,  and 
continued  through  both  angles  and  the  plate  of  one  segment  on  a  line 
with  the  end  rivets  in  the  pin  plate.  Tests  were  stopped  before  the  ad- 
jacent segment  failed.  There  was  no  observable  distortion,  but  it  was 
noticed  that  the  angles  had  pulled  out  Yt  in.  from  under  the  pin 
plates. 
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No.  14.  This  was  a  duplicate  of  No.  13.  The  angles  again  pulled 
out  perceptibly  from  under  the  pin  plates.  Fracture  began  through 
the  end  rivet  in  the  center  batten,  the  top  angle  first  breaking  through, 
then  the  web,  then  the  bottom  angle,  and  the  whole  of  the  other  side 
simultaneously.     There  was  no  distortion  until  after  fracture  began. 

No.  15.  Broke  at  one  side  only  at  the  end  of  the  batten  plate.  The 
pin,  which  was  not  hardened,  bent  lb  in-  in  a  length  of  15  ins.,  and  the 
broken  jaw  bent  outward  and  slipped  off  the  pin.  There  was  no  ob- 
servable distortion. 

No.  16.  This  was  a  duplicate  of  No.  15,  except  the  holes  in  this 
member  were  bored  for  three  i^-in.  pins.  Fracture  started  in  the  end 
rivet  of  the  pin  plate  and  went  almost  straight  through  the  line  of 
rivets  in  the  plate.  One  batten  rivet  was  sheared  off.  Fracture  was 
coarsely  granular  in  character  where  failure  first  began. 

No.  17.  Broke  through  the  rivets  near  the  end  of  the  pin  jjlates  on 
both  sides  almost  simultaneously.  Examination  after  fracture  revealed 
a  crack  in  one  angle  across  the  rivet  hole  at  the  end  of  the  end  batten 
plate.     Fracture  showed  considerable  granulation. 

No.  18.  This  was  a  duplicate  of  No.  17,  except  the  holes  were  bored 
for  three  rs-in.  pins.  It  began  to  break  through  the  end  batten  plate 
rivets  on  one  side.  After  this  side  had  broken  through,  the  other  side 
held  for  some  time,  finally  giving  way  through  the  line  of  rivets  in  the 
middle  batten.  There  was  no  distortion  except  what  occurred  during 
rupture. 

It  was  expected  that  members  designed  with  two  web  plates  and 
four  angles,  having  pins  passing  directly  through  the  webs,  would  give 
better  results  than  could  be  obtained  from  four  angles  connected 
together  in  pairs  as  in  Series  A.  It  was  also  expected  that  Tests  15  to 
18  would  be  somewhat  stronger  than  Tests  11  to  14,  because  in  the 
former  the  pin  jDlaies  were  attached  to  both  legs  of  the  flange  angles. 
These  expectations  were  not  realized. 

As  the  pins  in  these  four  members  had  been  case-hardened  and  bent 
very  little  during  the  testing,  it  is  probable  that  the  mere  fact  that  the 
pin  plates  did  not  extend  quite  up  to  the  first  batten  plates,  will  ac- 
count for  members  15  to  18  failing  at  lower  stresses  than  members  11 
to  14,  which  had  longer  pin  jjlates  to  stiffen  the  jaws,  although  the 
members  were  subjected  to  the  additional  strains  due  to  the  bending  of 
the  soft  pins.     The  attachment  of  the  pin  plates  to  both  legs  of  the        M 
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flange  angles  -was  evidently  of  no  benefit  -when  taken  in  conjunction 
with  short  pin  plates,  but  had  the  pin  plates  been  longer,  the  author 
believes  that  the  results  would  have  been  different. 

These  tests  do  not  show  any  advantage  of  lattice  bars  over  batten 
plates,  members  11  and  12  with  lattice  giving  worse  results  than 
similar  members,  13  and  14,  with  battens,  while  latticed  members  15  and 
16  were  better  than  similar  members,  17  and  18,  which  had  battens. 

Members  13  and  14,  with  battens,  are  the  only  ones  in  the  series 
which  developed  as  high  results  as  eye-bars.  Members  11  and  12  (lat- 
ticed) gave  fair  results,  about  as  good  as  5  and  6  with  battens  in  Series 
A,  members  15  and  16  (latticed)  about  as  good  as  1  and  2  (double  lat- 
ticed), while  17  and  18  (with  battens)  developed  the  least  strength  of 
any  in  the  two  series. 

Series  G — 7esfe  19  to  26. — The  members  in  this  series  were  designed 
on  the  basis  of  10  000  lbs. ,  15  000  lbs. ,  and  20  000  lbs. ,  for  shearing,  ten- 
sile and  bearing  stresses  respectively,  little  or  no  excess  having  been 
placed  in  any  connection,  but  the  pin  plates  in  Tests  25  and  26  were 
made  weaker  on  the  line  of  the  rivet  holes  than  through  the  pin  holes 
or  the  body  of  member. 

The  eight  members  tested  covered  four  different  designs,  somewhat 
similar  to  those  in  Series  A ,  but  having  the  rivets  so  arranged  that 
but  one  hole  need  be  deducted  from  the  gross  area  of  each  angle.  The 
ends  of  the  pin  plates  were  sheared  off  (see  Fig.  3). 

TABLE  No.  9. — Data  Relating  to  Members  of  Sekies  C. 


Area. 

Percentage  Increase  or  Decrease. 

Members. 

Gross. 

Holes 
deducted. 

Net 

Bearing 

on 

pins. 

Net  Area. 

Through 
pin  holes. 

Back  of 
pin  holes. 

Front  of 
pin  holes. 

Rivets. 

19  to  24  ... . 
25  and  26... 

.24 
1     6.12 
( Pin  plate. 

3.62.            4 
5.1811          e 
4  25             ^ 

0.0 
+  3.4 

-H.4 

42.3 

—  4.63 
—11.46 

+44.75 
-21.9 

+1.1 
+2.9 

The  negative  percentage  in  this  table  for  the  area  back  of  the 
pin  holes  was  based  on  the  assumi^tion  that  the  required  area  should 
equal  three-fourths  of  the  area  across  the  pin  holes,  or,  in  other  words, 
that  this  area  should  be  proportioned  for  double  shear  on  the  shortest 
line  from  the  edge  of  the  hole. 


4.£.-^'-»0         ^^ 


QREINER   ON   TESTS   OF   BRIDGE   MEMBERS. 


53 


IRivets.  Pin  Holes  ^Larger  than  Diameter  of  Pin. 

f »^ates-6V»-^i-^^nr—^ra Punched  Holes.    Ends  of  Pin  Plates  Sheared. 
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The  material  was  soft  basic  open-hearth  steel  rolled  by  the  Car- 
uegie  Steel  Company.  Members  19  to  22  were  manufactured  by 
Youngstown  Bridge  Company,  23  to  26  at  Edge  Moor,  and  all  were 
tested  at  Edge  Moor. 

Specimens  tested  in  the  same  manner  as  in  Series  A  developed  the 
properties  given  in  Table  No.  10. 

TABLE  No.  10.— Specimen  Tests,  Series  C. 


Elastic  limit 

Ultimate  strength 

Elongation 

Reduction 

Fracture 


Average  of  4. 


35  650  lbs. 

55  275  lbs. 
23.75^ 
56  25^ 
Silky. 


Plates. 


Average  of  3. 


38  750  lbs. 

56  515  lbs. 
29  0?r 
58  5Jf 
Silky. 


The  gauge  determinations  of  the  elastic  limit  of  built  members  are 
given  in  Table  No.  11.  The  limits  as  indicated  by  scaling  were  essen- 
tially the  same,  except  in  members  20,  22  and  24,  where  scaling  was 
first  noticed  at  25  100  lbs. ,  37  200  lbs. ,  and  34  700  lbs. ,  per  square  inch 
respectively.  The  elongation  was  measured  from  back  to  back  of  pin 
holes. 

TABLE  No.  11. — Results  of  Tests  in  Detail,  Series  C. 


Member. 

Elastic  Limit. 

Ultimate  Strength. 

Elongation. 

Total. 

Per  square  inch. 

Total. 

Per  square  inch. 

Total. 

Rnholes. 

19 

20 

21 

22 

23 

24 

25 

26 

Pounds. 
166  803 
106  000 
151  600 
151  500 
155  400 
151  600 
182  000 
189  500 

Pounds. 
46  080 
29  280 
41885 
41860 
42  930 
41  880 
*42  830 
*44  590 

Pounds. 
174  400 
178  200 
182  000 
182  000 
174  400 
166  800 
212  300 
219  900 

Pounds. 

48180 

49  230 

50  280 
50  280 
48  180 
46  080 

*49  960 
*51740 

Inches. 

1.62 

Not  taken. 

1.69 
2.81 

2  69 

3  12 
Not  taken. 

Inches. 
0.25 
•       025 
0  25 
0.25 
087 
0.75 
0.56 
0.44 

*  The  strain  per  square  inch  of  members  25  and  26  was  taken  on  a  section  through  the 
weakest  part  of  the  pin  plate. 

The  average  results  of  tests,  together  with  comparisons  with 
specimens,  are  given  in  Table  No.  12.  This  table,  however,  is  to 
be  studied  cautiously,  inasmuch  as  Nos.  19  and  20  are  the  only  mem- 
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bers  which  broke  through  the  body,  the  others  having  given  way 
back  of  the  pin  holes  or  through  the  pin  plates  in  front  of  the  pins. 
The  percentages  of  developed  strength  are  based  on  stresses  on  the 
net  section  through  the  body,  except  in  Nos.  25  and  26,  where  the  net 
section  is  the  least  through  the  rivets  in  front  of  the  pin  holes. 

TABLE  No.  12. — Average  Results  and  Comparison  with  Specimens. 


Pounds  per  Square  Inch. 

cosiparison  with 

Specimens. 

Elastic 
limit. 

Ultimate 
strength. 

Elastic 
limit. 

Ultimate 
strength. 

Remarks. 

19  and  20 

37  680 

41  872 

42  405 

43  TIO 

48  705 
50  280 
47  130 
50  850 

105  7%- 
117  b°4 
119.0%- 
112.8%- 

88.1% 
91  0% 
85  3% 
90.0%  ' 

Single  lattice. 

21  and  33 

23and21 

25  and  26 

Web. 

The  pins  used  were  case  hardened,  and  bent  so  slightly  that  it  was 
necessary  to  change  but  once  during  the  testing. 

The  illustrations  on  Plate  III  should  be  compared  with  the  follow- 
ing notes  of  observations  taken  during  the  progress  of  the  tests: 

No.  19. — First  rupture  occurred  at  end  B,  both  angles  breaking 
through  the  second  lattice  rivet,  one  rather  suddenly,  the  other  with 
slightly  more  tenacity.  A  crack  also  appeared  in  the  same  angles 
through  the  end  rivets  of  the  pin  plate  at  the  same  end.  After  break- 
ing through  on  this  side,  the  member  swung  slowly  round,  and  the 
other  two  angles  broke  through  the  thii'd  lattice  rivet  from  the  B  end, 
tearing  rather  than  snapping.  On  one  side  of  the  member  the  fracture 
of  the  upper  angle  was  silky  and  of  the  lower  wholly  crystalline,  while 
on  the  opposite  side  these  conditions  were  reversed.  There  was  very 
small  distortion  in  any  part  of  the  member,  except  what  occurred  after 
one  side  had  broken. 

No.  20. — This  was  a  duplicate  of  No.  19.  The  rupture  in  this  mem- 
ber began  at  end  A,  at  the  same  point  as  in  the  previous  case,  both 
angles  failing  at  the  same  time.  The  member  then  swung  around, 
splitting  the  middle  lattice  bar  away  from  its  rivet  and  failing  at  end 
B  by  splitting  the  pin  plate  back  of  the  pin  hole.  The  fracture 
through  the  angles  at  end  A  was  wholly  silky,  while  the  crack  in  the 
pin  plate  had  a  fibrous  appearance.  One  pin  plate  at  end  A  was 
drawn  in  about  ^  in.  around  the  pin  hole,  with  a  perceptible  bulging 
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out  at  the  end,  with  several  cracks  starting.  The  distortion  shown  in 
the  illustration  took  place  after  the  angles  fractured. 

No.  21. — Batten  plates.  This  member  broke  out  back  of  the  pin 
plates  in  end  B,  both  pin  plates  failing  simultaneously,  one  with  a 
coarse  granular  or  crystalline,  and  one  with  a  fibrous,  fracture.  The 
deformation  of  the  member  in  this  case  was  considerable,  and  it  was 
drawn  in  about  i  in.  near  the  middle  batten,  or  rather  it  was  bulged 
out  this  amount  between  the  battens.  Both  pin  plates  at  end  A  started 
to  crack  in  the  end. 

No.  22. — This  was  a  duplicate  of  No.  21.  It  broke  suddenly 
through  one  pin  plate  at  end  B,  with  crystalline  fracture.  There 
were  cracks  in  the  end  of  both  pin  plates  at  end  A.  The  member  was 
slightly  bent,  but  not  to  the  extent  observed  in  No.  21. 

No.  23. — Double  lattice.  This  broke  suddenly  through  one  pin 
plate  at  end  A,  the  other  pin  hole  at  this  end  elongating  about  f  in. 
At  end  B  both  pin  holes  were  elongated  f  in. ,  and  the  plates  showed 
cracks  in  the  ends.  There  was  a  i^erceptible  reduction  of  section  at 
the  pin  holes.  The  member  was  considerably  distorted  about  the  jaws, 
and  the  two  flanges  were  drawn  together  perceptibly  by  the  pull  of  the 
lattice. 

No.  24.  This  was  a  duplicate  of  No.  23.  One  pin  plate  at  end  A 
broke  out  to  the  end,  the  other  pin  hole  elongating  f  in.  The  fracture 
had  a  fibrous  appearance.  At  end  B  both  pin  holes  were  elongated 
tV  in.  and  showed  cracks  in  the  ends  of  the  plates.  There  was  con- 
siderable contraction  of  area  through  the  pin  holes  and  distortion  due 
to  the  pull  of  the  lattice  bars,  the  same  as  noted  in  No.  23. 

No.  25.  Web  plate.  The  pin  plates  on  one  side  at  end  A  curled  over, 
the  part  back  of  the  pin  convexing  outward  and  the  pin  hole  elongat- 
ing tI  in.  All  three  plates  at  this  point  were  cracked  at  the  ends,  but 
did  not  break  out.  The  pin  plates  on  the  opposite  side  at  this  end 
broke  off  suddenly  with  a  fine  silky  fracture,  the  outside  one  through 
the  three  rivets  at  the  end  of  the  filler  farthest  from  the  pin,  the  inside 
one  through  the  first  row  beyond.  The  reduction  of  section  through 
both  points  of  fracture  was  marked,  both  at  this  end  and  the  corre- 
sponding points  at  end  B.  All  the  pin  jslates  at  the  B  end  were  cracked 
in  the  end. 

No.  26.  This  was  a  duplicate  of  No.  25.  The  pin  plates  at  both 
sides  at  end  A  broke  simultaneously  in  the  same  manner  as  in  Test  25, 
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with  the  same  conditions  of  cracks  and  reduction  at  end  B.     The  fract- 
ure was  fine  silky. 

No  rivets  were  sheared  oflf  in  any  of  the  tests,  nor  were  any  found 
loose  enough  to  be  detected  with  the  fingers.  There  was,  however, 
a  very  general  pulling  away  from  the  rivets  noticed,  both  in  the  pin 
plates  and  in  the  lacing,  arising  no  doubt  partially  from  a  shearing 
action  and  partially  from  an  elongation  of  the  holes. 

It  is  to  be  noticed  that  in  this  series  the  members  having  batten 
plates  were  better  than  those  having  single  lattice,  just  the  reverse 
of  results  in  Series  A.  The  developed  strength  was  91%,  which  is 
about  equal  to  the  strength  of  eye-bars  and  considerably  in  excess 
of  similar  members  numbered  5  and  6,  which  developed  but  85.06  per 
cent. 

The  strength  of  the  members  numbered  19  and  20  (single  lattice) 
was  lower  than  that  of  eye-bars  and  much  lower  than  similar  members 
numbered  3  and  4. 

The  author  cannot  account  for  these  results  unless  they  are  due  to 
the  hardened  pins  used  in  Series  C,  which  may  possibly  have  given 
more  direct  stress  than  was  obtained  from  the  soft  pins  in  Series  A,  in 
which  case  it  would  apjiear  that  built  X  members  with  battens  are  just 
as  effective  as  similar  members  with  lattice  bars. 

Members  numbered  23  and  24  show  up  better  than  similar  members 
numbered  1  and  2,  although  the  pin  plates  did  not  develop  the  full 
strength  through  the  body  of  the  member.  Members  numbered  25 
and  26  (web  plates)  failed  in  the  weakest  part  of  the  connection,  and  the 
tests  show  nothing  except  that  connection  plates  of  this  size,  strained 
in  this  manner,  gave  results  10%"  less  than  given  by  specimens. 

The  tests  in  Series  G  seem  to  show  that  pin  plates  having  sheared 
ends  should  have  a  net  area  back  of  the  pin  holes  of  not  less  than  75%" 
of  the  net  area  through  the  pin  holes.  They  also  apparently  sustain 
the  assumed  relative  values  of  10  000,  15  000  and  20  000  lbs.  respec- 
tively for  shearing,  tensile  and  bearing  stresses. 

Resume  of  Series  A,  B  and  C. — The  natural  query  upon  the  comple- 
tion of  a  number  of  tests  is:  what  are  the  conclusions'?  Conclusions, 
however,  are  indicated  rather  than  proved  in  most  cases  pertaining 
to  limited  investigations  concerning  structural  material.  The  follow- 
ing, therefore,  are  no  exceptions  to  the  general  rule,  and  are  merely 
those   which   appear   to   the    author   to   be   indicated  by  the  results 
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of  the  26  tests  in  Series  A,  B  smd  C.  All  facts  in  connection  therewith 
are  given  in  the  paper.     The  indicated  conclusions  are  as  follows: 

Fii-st. — Built  I-shaped  tension  members  composed  of  four  angles 
connected  in  pairs  by  single  lattice  bars,  or  by  batten  plates  spaced  at 
short  intervals,  and  having  the  end  connection  jjlates  riveted  to  the 
projecting  legs  of  the  flange  angles,  will  develop  an  ultimate  strength 
which,  when  compared  with  tests  of  specimens  cut  from  the  member, 
will  be  ijroportionately  as  high  as  the  ultimate  strength  of  eye-bars 
com^jared  with  their  specimens,  when  the  eye-bars  are  annealed  and 
the  specimens  not  annealed. 

Second. — Similar  members  with  solid  webs  instead  of  lattice  or  bat- 
tens are  fully  as  strong  as  eye-bars  per  unit  of  section,  and  the  full  net 
area  of  web  plates  can  be  taken  with  the  flange  angles  as  available  sec- 
tion, provided  the  area  of  web  plates  does  not  exceed  one-half  the  area  of 
the  four  angles,  and  the  width  of  the  plate  in  the  clear  of  the  flange 
angles  does  not  exceed  the  width  covered  by  the  legs  of  the  flange  angles. 

Third. — Similar  members  with  double-latticed  webs  are  probably 
inferior  to  any  of  the  above,  and  their  ultimate  strength  is  propor- 
tionately less  than  the  ultimate  strength  of  eye-bars. 

Fourth. — Similar  members  with  open  webs  having  lattice  bars  ar- 
ranged alternately  perpendicular  and  inclined  to  the  long  axis  of  the 
member,  will  show  the  least  distortion  when  pulled  to  destruction,  and 
will  give  the  highest  ultimate  strength. 

Fifth. — Box-shaped  sections  comi^osed  of  two  web  plates  and  four 
angles,  connected  top  and  bottom  by  lattice  or  battens,  and  having 
pin  connections  through  the  web  plates  are,  as  tension  members,  no 
better  than,  if  as  good  as,  built  X  sections. 

Sixth. — Segments  of  box-shaped  members  when  connected  by  single 
lattice  or  batten  plates,  placed  at  short  intervals,  show  no  particular 
advantage  of  the  lattice  bars  over  the  batten  plates. 

Sevendi. — Nothing  can  be  gained  in  box-shaped  tension  members 
by  connecting  the  pin  plates  to  both  the  vertical  and  horizontal  legs 
of  the  flange  angles,  when  the  pin  plates  do  not  extend  beyond  the  end 
rivets  in  the  end  batten  plates. 

Eighth.— The  relative  values  of  10  000  lbs.,  15  000  lbs.,  and  20  000 
lbs.,  respectively,  for  shearing,  tensile  and  bearing  stresses  are  about 
correct,  but  there  is  an  indication  that  the  bearing  values  should  be 
somewhat  less. 
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Series  D,  Teats  27  to  42.  —Sixteen  test  pieces,  numbered  from  27  to  42 
in  Fig.  4,  were  designed  so  that  the  area  of  the  section  back  of  the  pin 
holes  varied  from  about  '62%  to  96%  of  that  across  the  holes.  The  tests 
are  divided  into  four  groups,  A,  B,  C  and  D,  there  being  four  tests  to 
each  group,  two  with  sheared  ends  and  two   (designated  by  letter  M) 


1  Plate  13  X  %,  0  Oy^ 


Q) 


— 5  0  Lv  to  c.-of-piiis 


M'4i\ 


1  Plate  lO'x  5^ ,'6  3' 


-5  0  c— to  I'-of-pius- 


Test  Pieces  27A    4  28A   {with  sheared  Ends 
"  "       29AM  4  30AM    "       MILLED      " 


"^VA^ 


(D 


1  Plate  13  X  J^,  5  10 


(D 


-5-0-C;-to  c-of-pins- 


3;^ 


Test  Pieces  39D    4  40D  (with  sheared  Ends) 
"  "       41DM4  42DM     "       MILLED      " 


CD 


1  Plate  nX  3=  ^,  6  3 


() 


*^^A^ 


-5-0  "c-to- c-of-pins- 


TEST  Pieces  31B    4  328   (with  Sheared  Ends) 
'        33BM  4  34BM    "       MILLED 


y^fi0i 


Fig.  4. 


with  milled  ends.  The  material  was  soft  open-hearth  steel  made  and 
tested  at  Pencoyd.  The  object  of  the  tests  was  to  ascertain  the  proper 
amount  of  material  required  back  of  the  holes  iu  pin  plates,  and  also 
what  benefit  can  be  derived  from  milling  the  ends. 

Specimens  cut  from  the  various  jjlates  developed  the   properties 
given  in  Table  No.  13. 

TABLE  No.   13.— Specimen  Tests,  Sekies  D. 


Size. 


Elastic  limit 

Ultimate  strength 

Elongation 

Reduction 

Fracture 


10  X  I  in. 


42  500  lbs. 

60  300  lbs. 
38  2^°4 
62. 00;!^- 
S  cup. 


Hi  X  I  in. 


34  100  lbs. 

54  rOO  lbs. 
34  00%- 
64  OOV 

S.  i  cup. 


13  X  I  in. 


35  500  lbs. 

58  700  lbs. 
28  25Si 
■  51  80^ 
S.  ang. 


In  Table  No.  14  will  be  fouad  all  data  and  details  of  the  results  of  the 
tests,  the  ratio  in  the  fourth  column  being  the  ratio  of  the  net  area 
back  of  the  j^in  holes  to  that  across  pin  holes.  Attention  is  called  to 
the  comparatively  high  ultimate  strength  given  for  Test  28  A.  In 
view  of  the  fact  that  it  is  so  much  greater  than  the  three  others  of  the 
same  group,  and  that  there  is  no  apparent  cause  for  this,  the  author 
is  inclined  to  question  the  accuracy  of  the  reading,  and  has  therefore 
not  considered  this  test  in  the  comparative  result  given  in  Table  No.  15. 
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TABLE  No.  14. — ResuiiTS  of  Tests  in  Detail,  Series  D. 


Pee  Squake  Inch. 

Member. 

Elastic  limit. 

Ultimate 
strength. 

o  ^ 

'^6 

PQ 

^ 
S 

1 

l5 

in 
^1 

Is 

■s 

§"5. 

■a     "s 

O.S        -MS 

1 

27  A 

Sq   Ins. 
3.42 
3  42 
3.42 
3.42 
4.36 
4.36 
4.36 
4.36 
5  29 
5  29 
5  29 
5.29 
5.29 
5.29 
5.29 
5.29 

Sq.  Ins. 
3.27 
3.27 
3  27 

.96 
.96 
on 

lbs. 

96  000 

1 

lbs.     1    lbs. 
1R^  nnn  i  os  im 

lbs. 

29  300 

30  900 
30  000 
30  600 
22  600 
16  500 
27  500 
16  500 
37  100 
44  200 
ai  100 

30  900 
70  200 
48  000 

31  600 
33  400 

lbs.           lbs. 
48  300       50  400 

28  A 

29  AM 

101  000    201  600  !  29  500 
98  000  1162  000     28  700 

100  000  j 163  000  ,  29  300 
74  000  |177  000  '  17  000 
54  000  'l85  Oa)  1  12  400 
90  000    170  030  1  20  700 
54  000    177  000      12  400 
92  403  Il78  OHO     17  500 

110  000    180  000  !  20  800 
85  000   S(5!.T  (^(^     ifi  ivtn 

59  000  1     61  600 
47  400  '     49  500 

30  AM 

31  B 

32B 

33  BM 

34  BM 

3  27           .96 
3  27           .75 
3.27           .75 
3.27           .75 
3  27            .75 
2.49           .47 
2  49           .47 
2  49             47 

47  700  ;     49  800 
40  600       54  100 
42  500   ;     56  500 

39  000  !     52  000 

40  600       54  100 

35C  

33  600       71  500 

36  C 

34  000       72  300 

37  CM 

42  SOU       90  400 

38CM 

39D 

40D 

41  DM 

42  DM 

2  49 
1.71 
1.71 
1.71 
1.71 

.47 
.32 
.32 
.32 
.32 

77  000 
120  000 
82  000 
54  000 
57  000 

225  000 
141  000 
141  000 
193  000 
195  000 

14  600 
22  700 

15  500 
10  200 
10  800 

42  500       90  400 
26  600       82  500 
26  600  1     82  500 
36  500      112  900 
36  800     114  100 

Table  No.  15  gives  the  average  results,  comparisons  ■ndth  specimens 
cut  from  the  plates,  comparisons  of  results  of  milled  and  sheared  ends, 
and  the  ratio  of  the  width  to  the  thickness  of  plates  for  all  tests  in  Series 
D,  also  for  the  four  plates  which  broke  back  of  pin  holes  in  the  tests  of 
Series  C.  The  latter  are  given  for  convenient  study  in  this  connection. 
TABLE  No.  15. — Average  Keshlts  and  Comparisons. 


Ratios. 

Pounds  per  Square  Inch. 

Ratios. 

Members. 

Back 
of  P.  H. 

Back  of  P.  H. 

Specimen. 

Developed. 

Developed. 
Specimen. 

Milled. 

Across  P.  H. 

Thickness. 

Sheared. 

A  (one  test). 
AM 

8.4 
8.4 
8.4 
8.4 
6.4 
6.4 
4.4 
4.4 
5.2 

.96 
.96 
.75 
.75 
.47 
.47 
.32 
.32 
.68 

60  300 
60  300 
M700 

54  700 
58  700 
58  700 
58  700 
58  700 

55  840 

48  300 
47  550 
41.550 
39  800 
33  800 
42  500 
26  600 
36  650 
46140 

.80 
.79 
.76 
.73 
.58 
.72 
.45 
.62 
.83 

.98 

B 

BM 

c 

.96 

CM 

D 

DM 

1.26 
1.38 

Series  C 

The  test  pieces  were  placed  in  the  machine  in  such  a  manner  that 
at  the  top  of  the  plate  there  was  no  support  back  of  the  pin,  while  at 
the  bottom  there  was  more  or  less  support  given  by  the  jaws  which 
took  hold  of  the  pm  on  each  side  of  the  plate.  Had  the  tops  been  held 
instead  of  being  absolutely  free,  the  results  would  in  all  probability 
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have  been  different,  and  would  have  furnished  the  information  sought. 
As  the  results  stand,  however,  the  proper  ratio  of  the  area  back  of 
holes  to  that  across  holes  is  not  definitely  indicated,  and  owing  to  the 
buckling  of  the  unsupported  metal  back  of  the  holes  in  nine  test  pieces, 
the  benefit  of  milled  ends  is  not  apparent  except  for  those  members 
which  did  not  buckle. 

In  actual  practice,  the  ends  of  the  pin  plates  are  not  usually  sup- 
ported by  adjacent  members,  and  these  tests  therefore  are  in  accord. 
Similar  results  would  probably  follow  the  testing  to  destruction  of 
many  tension  members,  now  parts  of  bridges  in  service. 

Buckling  back  of  upper  pin  holes  occurred  in  all  members  in 
Groups  A  and  B  and  in  but  one  member  of  Group  C.  Three  members 
of  Group  C  and  all  of  Group  D  broke  out  in  center  line  of  pin  without 
appreciable  buckling. 

A  study  of  results  as  given  in  Tables  Nos.  14  and  15  will  show  that 
the  following  points  have  been  brought  out  by  the  tests: 

First. — Pin  plates  in  which  the  area  back  of  the  holes  was  greater 
than  75%"  of  the  area  through  the  holes,  buckled  and  curled  at  the  un- 
supported end  before  breaking  out,  and  the  milled  ends  were  no 
stronger  than  the  sheared  ends.  Those  having  a  ratio  less  than  75% 
broke  out  without  buckling,  and  the  milled  ends  developed  largely 
increased  strength. 

Second. — The  developed  stress,  per  square  inch  of  area,  back  of  the 
holes  varied  inversely,  while  the  stress  per  square  inch  across  the  holes 
varied  directly  as  the  amount  of  metal  back  of  the  holes. 

Third. — Buckling  back  of  the  holes  took  place  in  all  members  in 
which  the  ratio  of  length  back  of  holes  to  thickness  was  greater  than  6.4. 

It  is  evident  that  had  the  plates  been  thicker,  there  would  have  been 
less  tendency  to  buckle.  The  proper  amount  of  material  back  of  the 
pin  holes,  therefore,  is  not  merely  a  function  of  the  area  across  the 
holes,  but  is  some  function  of  the  area  across  the  holes,  the  thickness 
of  the  plate,  and  the  diameter  of  the  pins,  and  cannot  be  definitely 
determined  from  the  results  of  the  tests  made. 

Series  E,  Tests  43  to  50.  — The  eight  tests,  in  this  series,  were  made 
for  the  purpose  of  comparing  the  strength  of  angles  of  the  same  dimen- 
sions, some  having  both  legs  and  others  but  one  leg  riveted  to  gusset 
plates,  the  ends  of  the  gussets  being  clamped  in  the  testing  machine 
so  as  to  give,  as  nearly  as  possible,  conditions  similar  to  those  in 
actual  practice  (see  Fig.  5). 


GREINER    ON   TESTS    OF   BRIDGE   MEMBERS. 


5-  Rivets 
;J Punched  Holes 

1  Ansrlc  3V<"i  8)^" 


in»t4.^.ia         xh:4V      fj  i>i  [- 


Test  Pieces  43  A  &  44  A 


Test  Pieces  47  B  &  48  B 

lFl»tI0il,19     x%,3'6'  ^^H"r^  ril^l        1 


Test  Pieces  45  AX  &  46  AX 


Test  Pieces  49  BX  &  50  BX 


Fig.  5. 


The  material  used  was  soft  open-hearth  steel  rolled  at  Pencoyd,  at 
which  place  all  tests  were  made. 

Specimens  cut  from  angles  had  the  properties  shown  in  Table  No. 
16,  which  gives  the  average  of  two  tests  cut  from  each  size  of  angle. 
TABLE  No.  16. — Specimen  Tests,  Series  E. 


Elastic  limit 

Ultimate  strength 

Elongation 

Reduction 

Fracture 


3J  X  3i  X  I  Ins. 


38  850  lbs. 
59  350  lbs. 

28.88%- 
56  85^ 
Silky. 


6  X  4  X  i  Ins. 


36  300  lbs. 
55  200  lbs. 

33as% 

64  80% 
Silky. 


Results  of  the  tests  of  these  members  are  given  in  Table  No.  17,  the 
elastic  limit  having  been  determined  by  the  dropping  of  scale,  instead 
of  by  the  dropping  of  the  beam,  and  the  unit  stresses  are  based  on  the 
least  net  area,  whether  it  be  on  a  straight  or  broken  line.  Members 
marked  A  represent  3Jx3Yxf-in.  angles,  those  marked  B6x4xf-in. 
angles,  while  the  letter  X  denotes  that  both  legs  are  connected  to  gus- 
sets, and  its  omission  that  but  one  leg  is  connected. 

TABLE  No.   17. — Results,  tn  Detail,  of  Tests,  Series  E. 


No. 

Akea. 

Elastic  Limit. 

Ultimate  Strength. 

Gross. 

Net. 

Total. 

Per  sq.  in. 

Total. 

Per  sq.  in. 

43  A 

Sq  Ins. 
2.51 
2.51 
2  51 
2.51 
3.60 
3.60 
3.60 
3.60 

Sq.  Ins. 
2.14 
2.14 
1.99 
1.99 
3.06 
3.08 
3.08 
3.08 

Pounds. 

45  000 
57  000 
56  000 
50  000 
76  000 
72  000 
94  000 
80  000 

Pounds. 
21028 
26  635 
28  141 
25  125 

24  837 
23  529 
30  519 

25  974 

Pounds. 
99  000 
91000 
105  300 
102  700 

128  000 

129  300 

153  000 

154  000 

Pounds. 
46  261 

44A 

42  523 

45  AX 

52  914  "^ 

46  AX 

51  608 

4715 

41  830 

48B 

42  255 

49  BX 

49  675  - 

50  BX 

50  000 

PLATE  IV. 
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Table  No.  18  gives  the  average  results  and  comparisons  of  the  two 
styles  of  connections,  based  on  the  total  elastic  limit  and  the  total 
ultimate. 

TABLE  No.  18. — Compabisons,  Sekies  E. 


Sizes. 

Legs 
connected. 

Elastic  Limit. 

Ultimate  Strength. 

Total. 

Increase. 

Total. 

Increase. 

Inches. 
3J  X  35  X  % 

One. 
Two. 
One. 
Two; 

Pounds. 

51  000 
53  000 
74  000 
87  000 

Percentage. 

Pounds. 

95  000 
104  000 
138  650 
153  500 

Percentage. 

3i  X  3,  X  ^ 

3.92 

95 

6x4    x^l 

6    x4    x% 

17.57 

19  3 

The  average  elastic  limit  and  ultimate  strength  per  square  inch  of 
least  net  section,  also  the  percentage  comparisons  with  specimen  tests 
are  given  in  Table  No.  19. 

TABLE  No.   19. — Average  Eesults,  Compared  with  Specimens. 


Tests. 

Sizes. 

Legs 
Connected. 

Pounds  per 
Square  Inch. 

Comparison  with 

Specimens. 

Elastic 
limit. 

Ultimate 
strength 

Elastic 
limit. 

Ultimate 
strength. 

43,44 

45,46    ... 

47,48 

49,50    ... 

Inches. 

3J  X  3i  X  % 

3i  X  3i  X  % 

6x4    x% 

6x4    x% 

One. 
Two. 
One. 
Two. 

22  832 
26  633 
24  183 
28  247 

44  392 
52  261 
42  013 
49  838 

61.3  V 
68.6V 
66.6%' 

77  8^ 

74.8V 
88.1V      - 
76.2V 
90  3%-     - 

The  appearance  of  the  diflferent  angles  after  fracture  is  shown  on 
Plate  IV.  Pieces  45  and  46  broke  square  across  through  one  rivet  hole, 
the  rivets  being  staggered  1^  ins.;  47  and  48  broke  diagonally  through 
two  holes  which  were  staggered  l-g-  ins. ,  and  49  and  50  broke  diagonally 
through  two  holes  which  were  staggered  1^  ins.  All  rivets  except  those 
at  ends  of  connection  plates  were  tight  after  fracture.  The  rivets  at 
the  ends  of  the  connection  plates  gave  evidence  of  shearing. 

By  referring  to  Table  No.  18  it  will  be  seen  that  when  both  legs 
are  connected  there  is  a  gain  in  ultimate  strength  of  about  9.5^  for 
3^  X  3i-in.  angles,  and  about  19.3%  for  the  6  x  4-in.  angles;  also  that 
there  is  a  gain  in  the  elastic  limit. 
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The  single  angles  developed  a  strength  of  from  74.8%  to  76.2%  of 
the  ultimate  strength  of  the  specimens,  which  is  considerably  below 
the  average  developed  strength  of  eye-bars,  but  the  double  connection 
gave  results  practically  as  high  as  those  obtained  with  bars. 

There  is  no  question  as  to  the  superiority  of  the  double  connection, 
and  it  should  be  used  whenever  practicable  and  when  conditions  re- 
quire rigidity.  On  the  other  hand,  the  single  connection  is  not  so 
weak  as  is  usually  supposed,  the  developed  strength  being,  so  far  as 
these  tests  go,  about  83%  oi  the  developed  strength  of  eye-bars,  as  can 
be  seen  by  comparing  the  percentage  of  developed  strength  of  the 
angles  given  in  Table  No.  19,  with  the  average  developed  strength  of 
the  bars  given  in  Table  No.  5. 

Se7-ies  F. — This  series  of  tests  was  made  for  the  purpose  of  ascer- 
taining to  what  extent  a  good  structural  steel  will  be  damaged,  if  a  part 
is  heated  and  bent  while  the  other  part  remains  cold.  Will  an  area  of 
weakness  develop  somewhere  between  the  heated  and  unheated  por- 
tions ?  Will  it  become  brittle  or  unreliable  ?  Is  it  absolutely  neces- 
sary in  all  cases  to  anneal  the  entire  piece  ? 

The  fact  that  steel  eye-bars,  when  not  annealed,  will  sometimes 
break  through  or  near  the  neck,  and  when  partly  annealed,  through  a 
section  somewhere  near  the  black  heat  area,  led  to  the  general  prac- 
tice of  requiring  that  all  members  which  have  been  partly  heated 
must  be  annealed.  There  is  no  question  concerning  the  beneficial 
effects  of  annealing  when  done  properly,  but  cases  sometimes  arise 
when  annealing  in  a  furnace  becomes  imj^racticable,  and  the  member 
must  be  used  without  any  annealing,  or  resort  must  be  had  to  the 
questionable  wood  fire.  The  author  was  recently  called  upon  to  de- 
cide such  a  case,  and  stipulated  that  if  a  series  of  tests  indicated  that 
an  angle  bent  partly  hot  and  partly  cold  did  not  become  brittle,  or 
was  not  injured  to  a  greater  extent  than  when  the  entire  angle  was 
bent  cold,  he  would  waive  annealing  for  the  members  in  question. 
The  six  groups  of  tests  given  in  Table  No.  20  were  then  made,  and  as 
the  results  did  not  indicate  any  marked  superiority  of  the  cold- worked 
angles  over  those  which  had  one  end  worked  hot,  and  as  no  brittleness 
or  particularly  weak  area  was  found  to  exist  in  the  steel  tested,  the 
manufacturer  was  allowed  to  heat  and  bend  his  angles  without  anneal- 
ing. The  author  does  not  wish  to  be  misunderstood  as  to  his  stand  in 
this  particular  case.     The  angles  in  question  were  not  to  be  used  in  a 
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railroad  bridge,  but  iu  a  roof  truss  subjected  to  but  little  vibration 
and  no  shock.  If  cold-bent  angles  were  good  enough  for  this  case, 
then  those  bent  hot  and  not  annealed  were  no  worse. 


TABLE  No.  20. — Specimens  Cut  from  Unworked  Material. 


Physical  Properties. 

Chemicai.  Properties. 

Cut  from. 

Elas.  lim. 

Ult.  str. 

Elong. 

Carbon. 

Phos. 

Mn. 

S. 

6  X  .31^  X  %-in.  angles. . 

5  X  3  X  %-in.  angles 

31^  X  2^4  X  ^-in.  angles 
3  X  2  X  ^-in.  angles — 
3x  14-in  flats 

Pounds. 

36  000 

38  700 

39  800 
39  000 
39  500 
36  000 

Pounds. 
62  100 
66  700 
60  600 

;      61  200 
62  000 

1       60  300 

1 

Per  Cent. 

30.0 
,       28.75 

28.75 

27.5 

25.0 

31.0 

0.17 
0.24 
0.19 
0.24 
0.22 
0.21 

0.015 
0.016 
0  017 
0.021 
0.010 
0.015 

0.40 
0.45 
0  45 
0.45 
0.47 
0.46 

0.038 
0.040 
0.040 
0  038 
0  040 

1-in.  square  rods 

0.039 

The  tests  were  divided  into  six  groups,  and,  except  where  otherwise 
noted,  were  bent  in  a  gag  press  to  a  circular  arc,  the  ordinate  of  which 
was  measured  to  a  2-ft.  chord.  The  sizes  of  the  test  pieces  are  shown 
in  Fig.  6. 

Punching  was  not  regular,  the  holes  varying  in  number  from  5  to  7, 
and  in  center  to  center  distance  from  3  to  6  ins. 


-1^- 


4  Angles  6  "x  SJ^'x  %,"2'( 
4  Angles  5 "x  3"x  %','2'i 
4  Angles  3}4"x  2}4"x  «4;'2'( 
4  Angles  3" X  3"  x  }4,"2'( 

Fig.  6. 


Group  1. — Four  angles  2  ft.  6  ins.  long,  one  of  each  size,  were  pre- 
pared by  heating  one-half  length,  bending,  and  then  punching  after  the 
pieces  became  cold. 

The  6  X  31  X  f-in.  angle  bent  3^  ins.  without  developing  cracks.  It 
was  then  hammered  out  flat  and  cracked  along  the  root  about  6  ins.  on 
each  side  of  the  center.     A  short  crack  was  produced  across  the  i*oot 
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about  8  ins.  from  the  cold  end.     There  were  slight  cracks  in  the  rivet 
holes. 

The  5  X  3  X  ^-in.  angle  bent  about  3^  ins. ,  without  injury.  It  was 
then  hammered  out  fiat  and  cracked  for  a  distance  of  3  ins.  across  the 
root  at  the  center  of  the  piece. 

The  3|  X  2i  X  {-in.  angle  bent  3f  ins.  before  a  crack  started  from  the 
hole  near  the  center  of  the  piece.  The  angle  was  broken  by  continued 
gagging.     The  fracture  was  silky,  with  no  granulation. 

The  3  X  2  X  |-in.  angle  bent  4  ins.,  when  two  cracks  started  at  holes 
8i  and  11|^  ins.  from  the  cold  end.  The  angle  was  broken  by  continued 
gagging.  The  fracture  was  granular  from  the  hole  to  the  root  of  the 
angle. 

Group  2. — ^Four  angles  as  in  Fig.  6,  bent  and  punched  cold. 

The  6  X  3|^  X  f-in.  angle  was  not  bent  by  gagging.  While  being 
hammered  out  flat,  it  cracked  along  the  root. 

The  5  X  3  X  |-in.  angle  was  not  bent  by  gagging.  While  being  ham- 
mered out  flat  it  cracked  along  root. 

The  3i  X  2i  X  i-iu.  angle  bent  3^  ins.,  and  cracks  started  in  holes  12 
and  15  ins.  from  the  straight  end. 

The  3  X  2  X  ^-in.  angle  bent  3|  ins.,  and  a  crack  started  in  a  hole  15 
ins.  from  the  straight  end. 

Group  3. — Four  angles  as  in  Group  1,  one-half  length  heated  and 
bent.     They  were  punched  after  the  pieces  had  been  annealed. 

The  6  X  3i  X  |-in.  angle  bent  3  ins.,  and  a  crack  started  in  one  of 
the  rivet  holes. 

The  5  X  3  X  |-in.  angle  bent  3 J  ins.,  without  cracking. 

The  3^  X  2i  X  -j-in.  angle  bent  3f  ins.,  without  cracking. 

The  3  X  2  X  -j-in.  angle  bent  2  ins. ,  and  cracked  through  a  hole  8  ins. 
from  the  unheated  end. 

Group  4. — Four  angles  as  in  Group  1,  bent  and  punched  cold  and 
then  annealed. 

The  6  X  3i  X  f-in.  and  5  x  3  x  f-in.  angles  bent  2^  ins. ,  without  crack- 
ing. 

The  3i  X  2i  X  ^-in.  angle  bent  3f  ins. ,  without  cracking. 

The  3  X  2  X  j-in.  angle  bent  4f  ins.,  without  cracking. 

Groujj  5. — Two  rods  1  in.  square  by  2  ft.  6  ins.  long  were  heated  for 
one-half  their  length  and  cooled  in  the  open  air.  These  rods  were 
each  placed  in  a  testing  machine  and  were  struck  several  sharp  blows 
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with  a  hammer  while  under  loads  of  25  000,  30  000  and  35  000  lbs.  Both 
broke  in  the  middle  at  a  stress  of  58  700  lbs.  and  a  reduction  of  50  per 
cent.     The  fracture  was  silky. 

Group  6. — Four  flats  3  ins.  by  i  in.  by  2  ft.  6  ins.  were  heated  for 
one-half  their  length  and  cooled  in  the  open  air.  Two  of  them  were 
bent  at  the  center  to  180^  and  closed  down  with  a  slight  crack  opening 
in  one.  One  flat  was  nicked  at  the  heated  and  unheated  ends  and  at  the 
middle.  The  ends  were  bent  180°  to  a  1-in.  circle,  and  the  middle  180^ 
to  a  3-in.  circle,  before  breaking.  The  fracture  in  all  cases  was  fine  and 
silky. 

The  fourth  flat  was  nicked  in  the  middle,  bent  180^  and  flattened 
down  without  fracture. 

From  these  tests  the  benefits  of  annealing  in  Grouj)  4  are  apparent, 
as  no  cracks  whatever  developed,  although  the  members  were  bent  as 
much  as  jjossible  by  the  gag.  The  two  larger  angles  twisted  to  such 
an  extent  that  the  bending  could  not  be  carried  to  the  same  point  as 
in  the  other  groups. 

There  was  no  apparent  benefit  derived  by  annealing  and  then 
jjunching,  as  in  Group  3,  and  Group  2  was  not  superior  to  Group  1. 

The  impact  tests  in  Group  5  and  bending  tests  in  Group  6  failed  to 
reveal  any  injury  due  to  partly  heating  steel  of  this  character,  except 
that  the  ultimate  strength  was  reduced,  which,  however,  does  not 
indicate  anything,  except  that  the  piece  had  been  softened  the  same 
as  it  would  have  been  by  annealing. 

Conclusion. — In  conclusion,  the  author  wishes  to  state  that  while 
the  foregoing  six  series  of  tests  are  incomplete  and  do  not  prove  any- 
thing definite,  they  have  at  least  developed  suggestions  which  may  be 
regarded  as  useful  information,  and  which  should  encourage  further 
investigation  by  those  who  have  the  opportunity.  The  author  also 
begs  to  acknowledge  the  courtesies  extended  by  the  bridge  companies 
which  furnished  the  facilities  for  making  the  tests,  and  the  thorough- 
ness with  which  Mr.  W.  R.  Edwards,  his  assistant,  carried  out  instruc- 
tions while  the  testing  was  in  progress. 
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DISCUSSION. 


Mr.  Russell.  S.  Bent  Kussell,  M.  Am.  Soc.  C.  E.— Referring  to  Table  No.  3  it 
will  be  seen  that  the  greatest  elongation  shown  by  any  one  of  the  ten 
bars  of  the  series  was  2.41  ins.,  about  4.3%"  of  the  original  length.  The 
least  elongation  shown  was  something  less  than  2%,  and  the  average 
for  the  ten  was  about  2. 8  per  cent.  It  is  of  interest  to  compare  these 
results  Avith  those  obtained  with  eye-bars. 

A  great  many  tests  of  full-size  steel  eye-bars  have  been  made  and 
published.  A  study  of  them  will  show  that  a  steel  eye-bar  will  stretch 
from  10  to  22%  of  its  original  length  before  rupture  takes  place.  It 
may  be  safely  said  that  good  steel  eye-bars  ought  to  stretch  13%  on  the 
average.  Now,  it  is  evident  that  a  projjerly  made  eye-bar  of  consid- 
erable length  will  show  the  true  proportionate  elongation  for  a  tension 
bar  of  uniform  cross-section.  Thus  the  maximum  jjossible  elongation 
for  a  tension  member  is  obtained  in  the  eye-bar. 

fieturuing  to  the  author's  bridge  members,  it  will  be  found  that  the 
average  bar  gave  2.8  and  the  best  bar  4.3  out  of  a  possible  13.  May  it 
not  be  concluded,  then,  from  this  comparison  that  a  built-up  tension 
bridge  member  will  show  a  proportionate  elongation  which  will  be  less 
than  one-fourth  of  that  given  by  a  solid  tension  member? 

Now,  it  is  generally  recognized  that  ductility,  or  the  quality  which 
makes  great  elongation  possible,  is  of  high  importance  in  bridge  ma- 
terial. No  bridge  steel  is  accepted  unless  it  will  show  great  elongation  be- 
fore rupture  when  tested  in  specimen  bars.  Should  not  the  same  quality 
be  recognized  in  the  case  of  the  full-size  members  of  the  structure?  A 
tension  member  that  stretches  t-wice  as  much  as  another  before  rup- 
ture is  just  as  much  better  as  if  the  diiierence  were  due  only  to  the 
ductility  of  the  metal  used.  If  the  eye-bar  will  stretch  four  times  as 
much  as  the  built-up  member,  the  result  is  the  same  as  if  the  metal 
possessed  four  times  the  ductility,  assuming  that  the  two  bars  have  the 
same  ultimate  strength.  To  put  the  same  thing  in  another  way,  let  it 
be  considered  as  a  question  of  resilience.  It  was  because  of  his  recent 
studies  of  the  resilience  of  engineering  materials  that  the  sjjeaker's  at- 
tention was  called  to  this  matter  of  elongation  of  built-up  tension 
members,  as  elongation  is  essential  to  resilience  under  tensile  stress. 

What  may  be  called  for  convenience  "ultimate  resilience  "  is  really 
the  work  in  foot-pounds  required  to  break  the  member.  In  the  case 
of  Sisecimen  No.  10,  Series  A,  the  maximum  load  was  205  000  lbs.,  the 
elongation  (1.56  ~  12  ft.),  and  the  resilience  205  000  x  1.56  -i-  12  = 
26  650  foot-pounds,  nearly. 

With  an  eye-bar  of  the  same  length  and  strength  and  four  times  the 
stretch,  the  resilience  would  be  four  times  as  great,  or  106  600  foot- 
pounds, nearly.   To  illustrate :  A  weight  of  1  000  lbs.  falling  25  ft.  would 
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"break  the  built-up  member,  while  the  same  weight  would  have  to  fall  Mr.  Russell, 
nearly  100  ft.  to  tear  the  eye-bar  in  two,  although  each  has  the  same 
strength  under  a  static  load. 

In  ajiplying  this  idea  to  railroad  bridges,  it  may  be  said  that  two 
steel  bridges  could  be  built,  each  to  carry  the  same  breaking  load,  and 
yet  one  would  be  destroyed  by  a  collision  which  the  other  would  sus- 
tain. The  latter  would  sufier  some  distortion  perhaps,  but  not  utter 
failure. 

As  long  as  strains  are  kept  below  the  elastic  limit,  the  built-up 
member  is  as  good  as  the  solid  bar.  When  the  real  crisis  comes,  how- 
ever, it  is  the  ultimate  strength  of  the  structure  that  counts,  and  the 
strains  will  exceed  the  elastic  limit.  In  the  same  way  the  "ultimate 
resilience"  is  what  saves  the  bridge  when  the  collision  occurs;  more- 
over, the  ultimate  resilience  of  one  member  of  a  bridge  may  some- 
times determine  the  fate  of  the  whole  structure. 

If  it  is  admitted  that  there  must  be  a  certain  resilience  in  the 
bridge  member,  then  it  will  be  seen  that  to  obtain  it  with  riveted 
work  there  must  be  about  four  times  the  section  that  would  be  re- 
quired with  an  eye-bar.  To  make  up  for  the  failure  to  stretch,  the 
built  member  must  be  given  four  times  the  strength  of  the  eye-bar. 
An  eye-bar  having  an  ultimate  strength  of  but  50  000  lbs.  would  with- 
stand as  great  a  blow  as  would  the  built-up  bar  of  the  same  length 
with  an  ultimate  strength  of  205  000  lbs.,  such  as  bar  No.  1,  Series  A. 

In  conclusion,  the  point  is  that  engineers,  in  substituting  built-uj) 
for  solid  members,  where  they  find  it  necessary,  should  do  so  with 
the  full  knowledge  of  what  they  are  sacrificing  in  the  way  of  resilience 
and  in  the  way  of  safety.  It  may  be  true  that  in  some  cases  the  gain 
in  stiffness  due  to  excess  of  metal  in  built-up  members  would  com- 
pensate for  the  loss  of  resilience.  This  would  not  be  true  in  all  cases, 
however,  and  stiffness  may  often  be  too  dearly  j^urchased  at  the  price 
of  resilience. 

Geokge  S.  Morison,  Past-President  Am.  Soc.  C.  E. — There  are  one  Mr.  Morison. 
or  two  points  about  this  paj^er  to  which  attention  should  be  called. 
In  the  first  place,  on  Plate  IV,  angles  are  shown  which  have  been 
tested,  these  angles  being  connected  by  rivets  with  flats  through  which 
the  strain  is  applied.  Although  in  some  instances  the  flats  were  riveted 
to  but  one  leg  of  the  angle,  and  in  other  instances  to  both  legs  of  the 
angle,  the  plane  of  the  flat  always  corresponded  to  or  was  parallel  to 
the  jjlane  of  one  leg,  and  was  in  no  instance  a  mean  between  the  planes 
of  the  two  legs.  It  is  quite  possible  that  if  the  position  of  the  pulling 
jilane  had  been  made  an  average  between  those  of  the  two  legs  to 
which  it  was  riveted,  a  different  result  might  have  been  obtained. 

There  is  another  matter,  however,  to  which  attention  should  be 
called.  The  speaker  had  never  seen  any  tests  made,  or  any  account  of 
tests,  which  gave  a  correct  measure  of  the  elastic  limit  and  ultimate 
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Mr.  Morison.  strength  of  a  riveted  member  and  of  precisely  tlie  same  member  with- 
out rivets.  Take,  for  instance,  a  plate  10  x  1  in.  This  is  a  pretty  good- 
sized  i)late,  but  it  can  be  tested  and  ■will  give  a  certain  elastic  limit 
and  a  cex'tain  ultimate  strength.  Then  take  another  piece  of  the  same 
plate,  drill  a  lot  of  rivet  holes  on  some  systematic  plan  and  test  this 
second  specimen.  What  will  be  the  ultimate  strength  and  the  elastic 
limit  of  that  second  test  as  compared  with  the  original  test  ?  The 
ultimate  strength  will  undoubtedly  be  lower  in  a  proportion  which 
bears  some  relation  to  the  number  of  rivets.  The  reduction  will  prob- 
ably be  considerably  less,  and  the  elongation  will  jjrobably  be  less. 
But  it  is  not  clear  that  there  will  be  much,  if  any,  difference  in  the 
elastic  limit;  that  is,  not  in  the  elastic  limit  j^er  square  inch,  but  in  the 
elastic  limit  of  the  entii'e  plate.  If,  furthermore,  these  rivet  holes  are 
filled  solid  with  rivets,  it  is  probable  that  the  elastic  limit  will  be 
about  the  same  as  that  of  the  solid  plate,  that  the  modulus  of  elasticity 
on  the  net  section  will  be  raised,  and  that  of  the  gross  section  will  not 
be  reduced.  All  this  has  a  very  important  bearing  in  the  ijroportion- 
ing  of  riveted  tension  members,  and  may  justify  the  practice  in  posi- 
tions in  which  riveted  tension  members  must  be  used,  like  the  flanges 
of  a  plate  girder,  in  making  a  very  much  less  reduction  for  rivet  holes 
than  is  now  considered  necessary. 

All  the  results  given  in  the  paper  are  apparently  figured  on  the  net 
section  of  the  riveted  member  and  not  on  the  gross  section.  If  ap- 
plied to  a  gross  section  ijroportional  results  would  be  very  different. 
The  real  advantage  of  an  eye-bar  is  not  that  it  is  the  strongest  form 
in  which  metal  can  be  put,  but  that  it  is  the  form  in  which  a  minimum 
section  can  be  reserved  for  the  greatest  proportion  of  the  entii-e  length 
of  the  member.  In  any  form  of  riveted  tension  member,  proportioned 
on  net  section,  a  considerable  excess  of  material  is  carried  through 
the  whole  length  of  the  member.  In  an  eye-bar  the  excess  is  confijied 
to  the  heads.  If  the  relative  weights  of  riveted  tension  members  as 
compared  with  eye-bars  are  calculated,  the  difference  will  be  found  to 
vary  greatly  with  the  length  of  the  members.  There  is  certainly  an 
economical  limit  to  the  length  of  eye-bars.  An  eye-bar  should  not  be 
used  when  the  distance  between  the  heads  is  only  a  small  multijile  of 
the  diameter  of  the  head.  It  is  better  to  use  a  solid  j^iece  of  metal  and 
bore  the  two  i^in-holes. 

The  paper  makes  some  very  valuable  suggestions,  and  it  may  be 
made  a  basis  for  careful  studies  and  estimates. 
Mr.  French.  James  B.  French,  Assoc.  M.  Am.  Soc.  C.  E. — The  author  compares 
riveted  tension  members  and  eye-bars  on  the  basis  of  "the  percent- 
age ratios  of  the  developed  strength  to  the  strength  of  specimens." 
While  this  is  a  natural  basis  of  comparison,  it  hardly  does  full  justice 
to  the  riveted  member.  Investigations  have,  so  far,  failed  to  establish 
anv  definite  relation  between  the  thickness  of  the  metal,  or  the  area  of 
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the  cross-section,  and  the  ratios  referred  to,  but  it  is  well  known  that,  Mr.  French. 
starting  with  the  same  grade  of  steel  in  the  ingot,  the  strength  of  the 
finished  material  will  largely  depend  on  the  amount  of  work  it  receives 
in  the  rolls.  In  other  words,  if  the  same  ingot  of  steel  be  rolled  partly 
into  eye-bar  flats,  and  partly  into  the  smaller  shapes  that  would  make 
up  a  riveted  member  of  equivalent  area,  the  latter  shapes  will  have  the 
greater  strength  per  square  inch ;  or,  if  the  strength  per  square  inch  in 
the  two  members  is  to  be  the  same,  a  higher  grade  of  steel  will  have 
to  be  used  in  the  eye-bar  than  in  the  riveted  member. 

As  compared  with  eye-bars,  therefore,  riveted  tension  members  of 
equivalent  section  are  made  up  of  more  thoroughly  worked  material; 
theii-  manufacture  in  parts  allows  better  inspection  and  makes  the 
discovery  of  flaws  more  certain  ;  for  the  same  strength  per  square 
inch,  a  gi'ade  of  material  can  be  used  in  them  less  sensitive  to  slight 
irregularities  in  manufacture,  and  their  form,  if  properly  designed,  is 
equally  efficient  in  the  development  of  the  strength  of  the  material  of 
which  they  are  made. 

It  would  seem,  therefore,  not  only  justifiable  to  use  as  high  unit 
stresses  in  these  riveted  members  as  in  eye-bars,  but  if  any  preference 
is  to  be  shown  toward  either,  the  former  would  seem  entitled  to  it. 

J.  P.  Snow,  M.  Am.  Soc.  C.  E. — With  reference  to  the  remarks  of  Mr.  Snow. 
Mr.  Russell,  it  is  well  to  consider  if  there  is  not  a  radical  difference  in 
the  value  of  elongation  when  exhibited  by  a  test  specimen  and  by  a 
finished  bridge  member.  The  percentage  of  elongation  in  a  test 
specimen  is  a  valuable  indication  of  the  ductility  of  the  material.  It  is 
the  measure  of  the  cajDacity  of  the  material  to  stand  abuse  in  the 
process  of  manufacture  and  afterwards.  Having  secured  good  ma- 
terial, however,  a  large  elastic  elongation  in  the  finished  member  has 
certain  disadvantages.  It  gives  rise  to  a  large  deflection,  and  the 
elastic  recovery  of  this  deflection  produces  a  large  vibration,  which 
leads  to  motion  and  wear  among  the  parts  of  a  structure.  Rigidity  in 
a  bridge  is  just  as  much  an  element  of  iisefulness  as  ultimate  sti-ength; 
perhaps  more,  if  the  bridge  Avill  not  fail  under  its  greatest  loading. 
Bridges  are  not  designed  to  break  down,  but  to  act  satisfactorily  in 
use  under  loads;  and  if  the  strains  produced  by  these  loads  are  well 
within  the  elastic  limit,  it  is  of  biit  little  account  what  happens  when 
a  member  is  tested  to  destruction.  Under  ordinary  working  strains  an 
eye-bar  elongates  like  an  ideal  test  specimen,  very  nearly  uniformly 
for  each  unit  of  its  length.  A  riveted  member  on  the  contrary 
elongates  principally  at  its  weak  sections,  while  between  these  weak 
sections  the  elongation  is  but  little.  Hence  for  a  given  load  within 
the  elastic  limit  a  riveted  member  as  a  whole  will  elongate  much  less 
than  an  eye-bar.  This  greater  rigidity  of  riveted  work,  due  i^artly  to 
its  smaller  elongation,  is  what  makes  a  light  riveted  bridge  more 
satisfactory  than  a  light  eye-bar  bridge. 


72  DISCUSSION    ON   TESTS   OF   BRIDGE    MEMBERS. 

If  it  is  claimed  that  riveted  work  is  more  liable  to  fail  from  a  sud- 
den blow  than  eye-bar  members,  the  answer  is  that  experience  does 
not  show  this  to  be  the  case.  Theoretically  the  high  modulus  of 
elasticity  due  to  the  small  elongation  of  a  riveted  member  would  lead 
to  small  resilience,  but  resilience  does  not  fully  measure  the  usefulness 
of  a  bridge  structure.  It  may  be  the  governing  factor  in  consid- 
ering the  value  of  a  spring,  but  the  old-fashioned  ideas  of  the  neces- 
sity of  springs  and  cushions  about  a  bridge  were  abandoned  long  ago. 

The  author's  experiments  show  that,  when  designed  with  a  proper 
regard  to  symmetry,  a  riveted  member  may  be  figured  for  the  same  unit 
strains  as  an  eye-bar  in  a  similar  position.  It  would  seem  from  this 
that  the  practice  advocated  by  some  engineers  of  assessing  plates  and 
shapes,  or  in  other  words  riveted  work,  with  lower  unit  strains  than 
eye-bar  members,  is  not  warranted.  Indeed,  for  strains  well  within 
the  elastic  limit,  it  is  fairly  questionable  if  the  assessment  should  not 
be  the  other  way,  particiilarly  in  the  case  of  i^late  girders. 

In  Series  E  of  the  experiments,  mention  is  made  of  the  distortion 
of  rivet  holes  near  the  end  of  connecting  plates,  causing  the  rivets 
to  be  loose  and  giving  them  the  appearance  of  shearing.  This,  of 
course,  did  not  occur  within  the  Kmit  of  ordinary  working  strains, 
still  it  probably  indicates  the  weakest  j)oint  in  ordinary  riveted  work. 
Where  a  member  is  connected  by  a  long  line  of  rivets  the  load  trans- 
mitted to  them  must  be  very  unequal,  the  elongation  of  the  member 
having  a  tendency  to  throw  much  less  load  on  those  next  the  end  of 
the  member  than  on  the  others.  Moreover,  if  there  is  any  jar  or  side 
vibration  in  the  member,  the  first  rivet  in  the  gusset  plate  must  resist 
nearly  the  whole  of  it.  These  considerations  show  the  necessity  of 
using  as  many  lines  of  rivets  in  the  connection  as  are  admissible  and 
would  lead  to  connecting  both  legs  of  an  angle  if  no  other  reason 
demanded  it.  This  unequal  distribution  of  load  among  rivets  in  long 
lines  marks  the  proper  division  between  riveted  and  pin  work.  Where 
the  load  is  so  great  that  long  lines  of  rivets  are  necessary,  it  is  better 
to  concentrate  it  on  a  pin.  If  all  rivets  could  be  machine  driven,  large 
sizes  could  be  used  and  their  number  lessened;  but  in  field  connections, 
where  hand  driving  is  unavoidable,  it  is  not  safe  with  ordinary  work- 
men to  use  rivets  much  larger  than  t-in-  diameter. 
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CORRESPONDENCE. 


George  H.  Thomson,  M.  Am.  Soc.  C.  E. — The  followiug  is  ofifered  Mr.  Thomson, 
more  as  a  coutributive  experiment  than  as  a  discussion. 

The  experiment  was  a  full-size  test  of  a  built-up  eye-bar,  sujjposed 
to  represent  a  forged  eye-bar  of  a  section  of  30  sq.  ins. 

The  bar  was  composed  of  one  plate  31}  ins.  x  0.96  in.  X  23  ft.  4 ins., 
with  holes  for  10-in.  pins,  20  ft.  centers,  and  with  thickening  plates 
31i  ills.  X  4  in.  X  4  ft.  5  ins.,  two  at  each  jDin  hole. 

The  main  plate,  intended  to  be  1  in.  thick,  being  but  0.96  in.  thick, 
after  deducting  a  rivet  hole  li  ins.  in  diameter,  was  found  to  have  a 
net  section  of  28.675  sq.  ins.  instead  of  30  sq.  ins. 

The  main  plate  had  defects  along  the  edges. 

Each  eye  was  covered  by  twenty-eight  l^-in.  rivets,  so  disposed  as 
to  weaken  the  bar  by  one  rivet  hole. 

Between  the  pin-jilates  and  along  the  center  of  the  bar  l^-in.  holes, 
spaced  12  ins.  centers,  were  drilled,  making  the  total  number  of  these 
holes  fifteen. 

All  holes  were  solid  drilled. 

The  experiment  was  made  to  test  the  built-up  eye,  rather  than  the 
strength  of  the  bar  or  plate  itself. 

The  main  plate,  i^rior  to  its  being  manufactured  into  an  eye-bar, 
was  said  to  jjossess  the  following  properties:  Tensile  strength,  71  500 
lbs.  per  square  inch;  elongation  in  8  ins.,  20  i^er  cent. 

The  elastic  limit  and  reduction  of  area  at  fracture  were  not  given. 

The  chemical  analysis  was  said  to  be:  Carbon,  0.28;  phosphorus, 
0.065;  manganese,  0.37. 

The  thickness  of  the  head  of  the  manufactured  bar  was  2.46  ins. 

The  built-ui3  bar  being  too  large  in  the  head  to  go  into  the  testing- 
machine,  short  links  were  used  to  connect  the  bar  to  the  main  pins  of 
the  machine.  Upon  the  first  trial  these  links  failed,  and  upon  heavier 
ones  being  provided  the  bar  was  finally  tested  at  Phoenixville,  Pa. , 
May  28th,  1892,  with  the  following  results,  as  reported  by  F.  H.  Lewis, 
M.  Am.  Soc.  C.  E.,  who  had  charge  of  the  inspection:  Total  tensile 
strength,  1  454  000  lbs. ;  tensile  strength  per  square  inch,  50  700  lbs. ; 
total  elastic  limit,  1  010  000  lbs,;  elastic  limit  per  square  inch,  35  220 
lbs. ;  elongation  in  14  ft.,  3.9  ins. ;  elongation  in  entire  bar,  4.625  ins. ; 
elongation  of  each  ^jin  hole,  0.09  in. ;  fractured  area,  27.606  sq.  ins.; 
greatest  elongation  in  12  ins. ,  3  ins. ;  reduction  of  area  at  fracture, 
3.73%;  character  of  fracture,  granular. 

The  elongation  of  the  l^-in.  holes  laid  along  the  center  of  the  bar 
averaged  15.4%,  the  minimum  being  12.8%,  and  the  maximum  18.4 
per  cent. 


74 


COREESPONDENCE    OS   TESTS    OF    BRIDGE    MEMBERS. 


Mr.  Thomson.        The  location  of  the  fracture  is  shown  in  Fig.  7. 

The  action  of  the  merciiry  gauge  was  peculiar,  advancing  quickly  in 
jumps  of  half  au  inch  or  thereabouts,  and  then  stopping  or  receding  a 
little. 

The  time  required  for  the  test  was  ten  minutes. 

After  the  conclusion  of  the  experiment,  two  pieces,  about  1  in. 
square,  were  cut  from  the  middle  of  the  bar,  and  gave  the  following 
test  results:  Tensile  strength,  71  380  and  71  800  lbs.  per  square  inch; 
elongation  in  8  ins.,  1.42  and  1.20  ins.;  jjercentage of  elongation,  17.75 
and  15;  reduction  of  area,  37.34%  and  31.07%";  character  of  fracture 
in  first  specimen,  75%  granular  and  25%  silky;  character  of  fracture 
in  second  specimen,  5%  granular  and  95%  silky. 

The  f -in.  thickening  plates  were  of  steel,  possessing  superior  quality^ 
with  not  high  iJroperties,  about  64  000  lbs.  ultimate. 

There  were  no  evidences  of  rivet  failure. 


l-Bar  3V4  x  1  x  23  4  long 

4-Pin  Pis.  3V4"x  ^"x  4'5°Iong 

Rivets  V/i  diam. 


Fig.  7. 

Mr.  BroomaU.  C.  M.  BBOOMAiiX,,  Jun.  Am.  Soc.  C.  E. — A  most  instructive  lesson 
can  be  obtained  from  a  study  of  the  jjhotographs  accompanying  the 
paper.  An  examination  of  the  position  of  the  line  of  rupture  shows 
with  what  unerring  certainty  it  chooses  the  weakest  part,  usually  a 
line  of  rivets.  From  a  study  of  these  photographs,  the  faults  in  a  par- 
ticular design  are  evident,  and  can  be  corrected.  A  point  worthy  of 
attention  is  shown  in  Plate  IV,  where  the  very  interesting  case  of  the 
combined  effect  of  direct  stress,  shear  and  bending  moment  detei'mines 
the  rupture.  This  is  a  combination  which  is  usually  not  taken  ac- 
count of  in  the  calculation  of  riveted  joints.  O^ang  to  the  shearing 
pieces  not  being  infinitely  thin,  the  pins  are  subjected  to  a  bending 
moment,  which  is  transferred  to  the  plates,  bending  them.  In  the 
photographs  it  is  seen  that  in  all  cases  the  cause  of  the  rupture  is  this 
combination  of  the  direct  tension  with  the  bending.     The  rupture  oc- 
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eiirs  at  the  end  of  tlie  connections  since  their  stiffness  jarevents  exces-  Mr.  Broomall. 
sive  bending  everywhere,  except  at  the  ends.  In  the  bars  in  question 
the  reason  for  the  ruptvxre  occurring  at  the  inside  end  seems  to  be  due 
to  the  fact  that  the  test  pieces  are  not  as  heav}^  as  the  pieces  to  which 
they  are  connected,  and  therefore  the  greatest  amount  of  bending, 
and  conseqiientlv  the  rupture,  occurs  at  the  inside  end  of  the  con- 
nections. 

J.  C.  Moses,  Jun.  Am.  Soc.  C.  E. — Tests  made  some  years  ago  on  Mr.  Moses. 
eye-bars  showed  that  bars  having  a  row  of  holes  drilled  on  the  center 
line  of  bar  were  much  stronger  than  similar  members  with  the  holes 
drilled  on  a  line  parallel  to,  but  not  coincident  with,  the  center  line. 
If  the  angles  described  by  the  author  in  Series  E,  Nos.  42  and  44,  be 
considered  as  opened  out  into  flat  bars,  the  following  computation 
may  be  made  (see  Eig.  8) : 
Let  P  =  total  stress. 

A  =  net  area  of  section  =  5. 62  sq.  ins. 

p  =  P  -^  A  =  P  — 5.62. 

(I  =  eccentricity  of  section  through  hole. 

/  =  maximum  fiber  stress  from  bending  moment  31,  due  to 
eccentricity  of  section. 

3/  =  PfZ  =  0.3  P  =  ^  =  / |H  =  5.88/. 

^,        ,        .      0.3  P      0.3  X  5.62  „  ^„ 

Therefore/  =  ^ygg   =       5.88       ^'    =  ^'^^  P' 

Maximum  unit  stress  =/  -\-  jj  =  1.29  p. 


p.^ sC 7"  "f      CENTER-<-J3F    BAR     4. .    _ 

"^  ^    -  T  1   CENTER    OF^  GRAVITY.OF  SECTION  ^r 


CENTER    OF^TgRAVITY.OF  SECTION 

:>' ■^\ 


\ 


Fig.  8. 

If  the  unit  stresses  given  in  Table  No.  17  for  these  two  cases  be 
multiplied  by  this  factor,  values  will  be  obtained  much  more  nearly 
equal  to  those  derived  from  the  test  specimens.  The  decreased  unit 
strength  of  all  the  tension  members  described  in  Series  A,  B,  C  and  E 
may  be  ascribed  to  this  eccentric  punching,  the  results  being  modified 
by  fixed  end  connections  and  support  of  lattice  bars,  etc.  By  making 
allowance  for  this  eccentricity  when  figuring  the  required  net  sections 
of  angles,  more  correct  results  will  be  obtained  than  by  the  customary 
method  of  using  a  lower  unit  stress  for  shapes. 

If  two  symmetrically  placed  holes  be  punched  out  of  the  angle 
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Mr.  Muses,  illustrated  in  Fig.  8,  the  net  section  will  be  4.62  sq.  ins.,  and  the 
maximum  unit  stress  5.62 -;- 4.62  =  1.22  p.  Theoretically,  therefore, 
the  angle  is  stronger  with  two  holes  punched  out  of  it  than  with  one. 
The  actual  distribution  of  stresses  no  doiibt  varies  from  the  uniform 
distribution  assumed  above;  but  the  writer  would  suggest  as  an  im- 
provement on  present  practice,  that  at  least  two  holes  should  always 
be  deducted  when  obtaining  the  net  sections  of  angles. 

In  figui'ing  net  sections,  it  is  generally  assumed  that  if  one  hole 
only  need  be  deducted  at  the  first  point,  two  may  be  taken  out  at  the 
next  section  without  further  reducing  the  strength  of  the  member. 
This  assumes  that  a  rivet  is  worth  as  much  as  the  area  of  metal  cut  out 
for  the  rivet  hole.  This  is  not  true  for  the  unit  stresses  ordinarily 
used,  but  is,  however,  a  very  common  error  of  design. 

In  the  author's  discussion  of  the  results  of  tests  E,  considerable 
importance  is  attached  to  the  comparison  of  the  ultimate  strength  of 
angles  connected  by  one  leg  and  by  both  legs.  It  seems  to  the  writer 
that  the  jiroper  basis  of  comparison  is  the  elastic  limit.  The  ultimate 
strength  is  of  questionable  value  and  had  better  be  omitted  in  tests  of 
this  kind.  A  comparison  at  stresses  below  the  elastic  limit  would  be 
better  still,  if  j^racticable. 

The  high  elastic  limits  apparently  obtained  for  the  built  members 
are,  perhaps,  due  to  the  fli-st  elongations  taking  place  at  the  rivet- 
holes  only.  They  would,  therefore,  not  be  detected  as  readily  as  with 
a  standard  test  piece.  The  author's  explanation  of  the  phenomenon 
would  be  of  interest. 
Mr.  Greiner.  J.  E.  Gkeinee,  M.  Am.  Soc.  C.  E. — Mr.  Kussell  has  brought  forward 
the  question  of  resilience  in  connection  with  railroad  bridges,  and 
states  that:  "  If  it  is  admitted  that  there  must  be  a  certain  resilience 
in  the  bridge  member,  then  it  will  be  seen  that  to  obtain  it  with 
riveted  work  there  must  be  about  four  times  the  section  that  would  be 
required  with  an  eye-bar,"  and  that  "  engineers,  in  substituting  built- 
iip  for  solid  members,  *  *  *  should  do  so  with  full  knowledge  of 
what  they  are  sacrificing  in  the  way  of  resilience  and  in  the  way  of 
safety."  In  other  words,  Mr.  Eiissell  believes  that  a  bridge  whose  ten- 
sion members  are  eye-bars  will  be  better  fitted  to  withstand  the  shock 
of  a  collision  than  a  bridge  having  built-up  tension  members  of  the 
same  net  section.  This  conclusion,  while  it  may  apjiear  correct  from 
the  standpoint  of  resilience,  is  not  in  accord  with  modern  bridge 
practice  nor  with  experience.  Mr.  Snow  answers  Mr.  Eussell  very 
neatly  when  he  says  that  resilience  does  not  fully  measure  the  use- 
fulness of  a  bridge  structure,  although  it  may  be  the  governing  factor 
in  considering  the  value  of  a  spring.  Modern  railroad  bridges  must 
be  made  stiff  and  vibration  eliminated  as  far  as  possible,  or  they  will 
soon  become  rattle-traps  under  the  heavy  motive  power  now  in  use. 
Springing  boards  are  no  longer  admissible  except  in  cases  of  highway 
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bridges,  and  in  sucli  cases  it  cannot  be  said  that  their  great  resilience  Mr.  Greiner. 
has  always  i^revented  them  from  being  knocked  down  by  an  ordinary 
farm  wagon. 

If  Mr.  Russell  will  examine  the  make-up  of  the  sections  tested,  he 
will  see  that  while  the  elongation  is  given  from  back  to  back  of  jiin 
holes,  the  stretch  actually  occurred  within  the  very  short  space  where 
the  main  angles  were  not  re-enforced  by  pins  and  batten  plates  and 
therefore  the  resilience  of  these  members  is  not  nearly  so  small  as 
would  appear. 

Mr.  Morison  calls  attention  to  the  relative  strength  of  a  solid  plate, 
one  with  open  drilled  holes,  and  one  with  these  holes  filled  with 
rivets,  no  tests  of  which  have  been  published  so  far  as  known.  The 
suggestion  made  has  a  very  important  bearing  on  riveted  tension 
members,  and  should  be  carried  out.  There  are  times  when  the  eye- 
bar,  as  ordinarily  made,  is  too  small  for  use,  and  it  becomes  desirable 
to  build  up  a  bar  of  two  or  more  plates.  These  plates  being  riveted 
together,  the  question  raised  is  whether  it  will  be  necessary  to  con- 
sider the  actual  net  section  of  such  a  bar,  the  gross  section,  or  a 
section  somewhere  between  the  two.  The  test  given  by  Mr.  Thomson 
is  somewhat  on  this  order  and  shows  a  considerable  falling  oflf  in 
ultimate  when  compared  with  sj)ecimens. 

The  writer  believes  that  tests  of  a  somewhat  similar  nature  have 
been  made  by  C.  C.  Schneider,  M.  Am.  Soc.  C.  E.,  with  quite  tliflferent 
results,  but  the  results  not  having  been  published,  they  cannot  be 
discussed. 

The  distortion  of  rivet  holes  near  the  ends  of  connecting  j^lates  in 
Series  E,  causing  the  end  rivets  to  become  loose  and  shear,  while  the 
balance  remained  tight,  indicates  clearly  that  in  all  riveted  connec- 
tions, the  rivets  should  be  grouped  closely  rather  than  in  long  lines, 
as,  by  so  doing  there  is  more  chance  for  all  of  them  doing  some  work. 
This  point  is  discussed  by  Mr.  Snow,  and  his  discussion  is  worthy  of 
much  consideration. 

The  elastic  limit  of  the  built  members  was  determined  by  the 
dropping  of  scale  and  the  action  of  the  gauge  of  the  testing  machine 
as  noted  in  the  paper.  It  was  noticed  that  at  the  instant  the  beam 
dropped,  small  scales  would  fall  from  the  members,  usually,  though 
not  always,  near  the  part  where  ruijture  finally  took  place.  When 
scaling  once  began,  it  covered  a  large  surface  rapidly  and  almost 
before  the  observer  could  identify  the  particular  spot  where  it  com- 
menced. Mr.  Moses'  explanation  of  the  high  elastic  limit  is  probably 
the  correct  one. 

It  is  to  be  hoped  that  the  suggestions  brought  out  in  the  discus- 
sion will  cause  someone  who  has  the  opportunity  to  continue  the 
tests,  as  their  j^ractical  value  must  be  admitted. 
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WITH  DISCUSSION. 

Bule. — To  find  the  approximate  tensile  strength  of  structural  steel 
to  a  base  of  40  000  lbs.,  add  1  000  lbs.  for  every  0.01%"  of  carbon,  and 
1 000  lbs.  for  every  0.01%"  of  phosphorus,  neglecting  all  other 
elements  in  normal  steels.  Radical  variations  between  calculated  and 
actual  strength  indicate  mixed  steels,  segregation,  incoi-rect  analyses, 
or  unusual  treatment  in  manufacture. 

The  relation  of  composition  to  tensile  strength  in  steel  has  been  a  mat- 
ter of  interest,  speculation  and  investigation  since  the  time  that  it  has 
been  analyzed  and  tested.  It  has  long  been  known  that  steel  of  about  1% 
carbon,  or  100  carbon,  as  it  is  generally  called,  jjossesses  the  greatest 
tensile  strength,  and  that  as  the  carbon  increases  or  decreases  from 
this  point,  there  is  a  decrease  of  tensile  strength.  This  fact  is  of  more 
interest  than  value  to  the  structural  engineer,  who  cannot  make  use 
of  such  hard  steel  as  this  for  tension  members.  It  has  also  been 
assumed  that  all  other  elements  besides  carbon  entering  into  the  com- 


CUNNINGHAM  ON  KULE  FOE  STRENGTH  OF  STEEL.  79 

position  of  steel  gave  more  or  less  strengthening  efifect;  some  were 
supposed  to  be  slight,  others  great,  and  it  is  known  in  the  case  of 
manganese  that  radical  changes  take  place  in  the  nature  of  steel  as  the 
percentage  of  this  element  reaches  certain  amounts. 

Years  of  experience  have  taught  that  carbon  is  the  most  desirable 
element  for  giving  strength  to  steel;  that  definite  results  can  be  pro- 
duced by  varying  its  amount,  and  that  the  gain  of  strength  due  to  its 
increase  is  accomjjanied  with  less  loss  of  other  desirable  projaerties 
than  is  the  case  with  any  other  hardener.  All  other  elements  occur- 
ring in  carbon  steels  may  be  considered  impurities  or  antidotes. 

In  investigating  the  causes  of  strength  in  steel,  one  naturally  looks 
first  for  the  strength  of  its  base  of  iron  and  at  once  encounters  an 
unknown  quantity.  Pure  iron  can  be  jiroduced  only  in  the  laboratory, 
and  even  there  in  insufficient  quantity  and  imjiossible  condition  for 
testing.  The  strength  of  pure  iron  has,  however,  been  estimated  and 
calculated  to  be  about  38  000  lbs.  per  square  inch. 

The  most  notable  investigations  made  of  late  years  into  the 
strengthening  eflects  of  the  difierent  elements  occurring  in  steel  have 
been  made  by  Mr.  Wm.  R.  Webster,  and  H.  H.  Campbell,  M.  Am. 
Soc.  C.  E.,  in  the  order  named. 

Mr.  Webster's  investigations  were  made  ujion  i)lates  of  basic 
Bessemer  steel,  and  consisted  of  assumptions  subjected  to  trial,  and 
variously  modified  to  suit  the  conditions.  He  believed  that  all  ele- 
ments had  a  strengthening  effect  upon  steel,  and  constructed  tables 
from  which,  knowing  the  carbon,  jshosphorus,  manganese  and  sulphur 
content  of  steel,  its  tensile  strength  could  be  calculated.  His  tables 
fitted  very  well  the  steel  upon  which  he  made  his  investigations,  but 
have  not  proved  satisfactory  in  the  case  of  other  steels. 

The  later  investigations  of  Mr.  Campbell  are  the  most  complete 
and  scientific  of  any  that  have  yet  been  undertaken  in  this  line. 
With  3  163  tests  made  upon  2  x  f -in.  test  bars  of  a  known  and  uniform 
condition,  arranged  in  272  groiips  of  similar  conditions  as  to  strength 
and  composition,  Mr.  Camjibell  has,  by  the  method  of  least  squares, 
arrived  at  the  strengthening  effect  of  the  various  components  of  steel.* 

*  Mr.  Campbeirs  work  will  be  found  in  full  in  his  book  on  "  The  Manufacture  and 
Properties  of  Structural  Steel." 

Tables  Nos.  1  and  2  at  the  close  of  the  paper  give  one-fifth  of  his  tests,  and  a  compari- 
son between  them  and  the  strenfrtli  of  the  metal  as  computed  by  his  formula  and  those 
of  Mr.  Webster  and  the  author.  Tlie  same  data  for  all  the  272  groups  were  calculated  by 
the  author,  and  are  on  file  in  the  Library  of  the  Society;  they  show  the  same  comparative 
relations  between  actual  and  calculated  strengths  as  tne  abridged  tables. 
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Mr.  Campbell's  conclusions  are  as  follows: 

First. — Tlie  strength  of  pnre  iron,  as  far  as  it  can  be  determined 
from  the  strength  of  steel,  is  about  38  000  or  39  000  lbs.  per  square 
inch. 

Second. — An  increase  of  O.Ol^"  of  carbon  raises  the  tensile  strength 
of  acid  steel  about  1  210  lbs.  per  square  inch,  and  that  of  basic  steel 
about  950  lbs. 

Third. — An  increase  of  O.Ol^^o  of  manganese  has  very  little  effect  on 
acid  steel,  unless  the  content  exceeds  0.60%",  but  it  raises  the  strength 
of  basic  steel  about  85  lbs.  per  square  inch. 

Fourth. — An  increase  of  0.01%"  of  jihosphorus  raises  the  tensile 
strength  of  acid  steel  about  890  lbs.  jjer  square  inch,  and  that  of 
basic  steel  about  1  050  lbs. 

Fifth.— The  following  formulas  will  give  the  ultimate  strength  of 
ordinary  open-hearth  steel  in  pounds  per  square  inch,  the  carbon, 
manganese  and  phosphorus  being  expressed  in  units  of  0.001%,  and 
a  value  being  given  to  i?  in  accordance  with  the  conditions  of  rolling 
and  the  thickness  of  the  j)iece. 

Formula  for  Acid  Steel: 
38  600  +  121  carbon  +  89  phos.  -[-  R  =  tensile  strength. 

Formula  for  Basic  Steel: 
37  430  +  95  carbon  +  8.5  maug.  +  105  phos.  +  i?  =  tensile  strength. 

Si.xtk. — The  metals  from  which  these  data  were  derived  were  ordi- 
nary structural  steels  ranging  from  0.02  to  0.35%  of  carbon,  and  it  is 
not  expected  that  the  formulas  are  applicable  to  higher  steels  or  to 
special  alloys. 

Seventh. — A  considerable  diiference  may  be  found  between  steels 
which  apparently  are  of  the  same  composition,  and  which,  as  far  as 
known,  have  been  made  under  the  same  conditions. 

Eighth. — In  the  case  of  acid  steel,  an  increase  in  manganese  above 
0.6%  will  raise  the  tensile  strength  above  the  amount  indicated  by 
the  formula,  the  increment  being  quite  marked  when  a  content  of  0.8 
is  exceeded. 

Ninth. — In  steels  containing  from  0.3%  to  0.5%  of  carbon,  the  value 
of  the  metalloids  is  fully  as  great  as  Avith  the  lower  steels,  while  the 
presence  of  silicon  in  such  metal  in  proportions  greater  than  0.15% 
seems  to  enhance  the  strengthening  eflfect  of  carbon. 
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Tenth. — In  steels  containing  less  than  0.25%  of  carbon,  the  eflfect 
of  small  proj)ortions  of  silicon  ui^on  the  ultimate  strength  is  inap- 
preciable. 

Eleventh. — Sulphur  in  ordinary  proportions  exerts  no  appreciable 
influence  ui)on  the  tensile  strength. 

Twelfth. — Both  acid  and  basic  steels  containing  less  than  0.3%"  of 
manganese  give  an  actual  strength  greater  than  is  shown  by  the 
formula,  and  when  this  is  taken  with  the  abnormal  strength  of  un- 
usually pure  metal  used  in  certain  tests,*  it  is  indicated  that  oxide  of 
iron  raises  the  ultimate  strength. 

Up  to  the  present  time  the  relation  of  tensile  strength  to  composi- 
tion has  been,  at  the  most,  a  matter  of  passing  interest  to  the  engineer. 
A  test  report  showing  30  carbon  and  58  000  lbs.  tensile  strength  for 
one  test,  and  15  carbon  and  60  000  lbs.  for  another  might  cause  some 
wonderment  on  the  part  of  the  engineer  who  received  it,  but  until 
recent  times  the  chemist  and  his  work  has  seldom  been  questioned. 

The  formulas  deduced  by  Mr.  Campbell  offer  a  check  on  the 
analysis  and  the  tensile  test  of  steel.  They  are  likely  to  prove  of  more 
value  to  the  steel-maker  than  to  the  engineer,  for  they  can  not  be  re- 
tained in  the  memory  of  one  having  only  an  occasional  u.se  for  them, 
and  their  apj)lication  to  a  report  of  a  hundred  tests  would  be  a 
tedious  ojieration.  A  consideration  of  the  work  previously  done  in 
this  line  has  led  the  author  to  the  adoption  of  the  rule  given  at  the 
head  of  this  paper  for  comi^aring  analyses  with  tensile  tests. 

This  rule  is  so  simple  that  a  few  trials  will  permanently  impress  it 
on  the  memory.  The  operation  may  be  made  mentally  with  great 
raj)idity,  and,  as  far  as  tried,  is  equally  applicable  to  all  kinds  and 
makes  of  steel. 

*  "  See  Manufacture  and  Properties  of  Structural  Steel,"  Table  No.  131,  Group  198. 
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DISCUSSION. 


WiLiiiAM  Metcalf,  Past -President  Am.  Soc.  C.  E. — There  has  been 
for  many  years  a  very  strong  belief  that  there  is  some  relation  between 
the  strength  of  any  piece  of  iron  and  its  composition,  which  would 
be  a  guide  for  estimating  the  strength  of  the  metal  from  its  chemical 
comi^osition.  Engineers  should  be  very  grateful  to  Messrs.  Webster 
and  Campbell  for  the  extraordinary  amount  of  work  they  have  done 
in  trying  to  work  out  such  an  exceedingly  complicated  and  difficult 
problem.  Their  work  is  admirable,  and  may  be  very  useful  if  it  is 
not  ajjijlied  practically  until  it  has  been  carried  much  farther.  If  it 
is  considered  that  the  manufacturer  can  vary  the  strength  of  steel  by 
manipulation  from  50^"^  to  100°o  one  way  or  the  other,  it  is  evident 
that  the  formxilas  are  not  safe  guides  for  determining  the  strength  of 
steel  of  a  given  composition.  It  will  not  do  to  lay  aside  the  actual 
tests  of  material.  Another  difficulty  in  the  way  of  the  use  of  the 
formulas  is  the  fact  that  they  apply  only  to  the  grade  of  steel  with 
which  the  exjieriments  were  conducted.  Mr.  Campbell  states  that 
this  was  the  mild  structural  steel  he  was  making. 

There  is  a  statement  in  the  paper,  quoted  from  Mr.  Campbell's 
book,  that  certain  tests  indicate  that  oxide  of  iron  raises  the  ultimate 
strength  of  steel.  It  was  the  speaker's  experience  that  there  is  no 
element  with  which  the  manufacturer  has  to  deal  which  is  so  treach- 
erous and  troublesome  as  oxygen,  and  there  is  nothing  which  makes 
steel  so  thoroughly  rotten  as  its  presence. 

Mr.  Waddell  states  in  his  correspondence  on  this  paper  that  steel 
of  75  000  lbs.  is  fully  up  to  or  beyond  the  limit  of  the  uses  of  a 
structural  engineer.  However,  engineers  are  already  using,  perhaps 
not  in  large  structures,  but  in  very  important  places,  steel  of  from 
95  000  to  100  000  lbs.  tensile  strength,  40  000  to  50  000  lbs.  elastic 
limit,  and  about  15%"  stretch.  Such  steel  can  now  be  made  readily, 
and  is  used  largely  for  the  wristpins,  sidebars  and  other  parts  of 
locomotives  which  are  subject  to  great  strains.  If  it  has  been  found 
that  a  95  OUO-lb.  steel  with  15 j^  stretch  is  the  best  for  such  service,  it 
appears  that  engineers  wishing  strong  bridge  pins  and  similar  pieces 
could  readily  obtain  them  of  the  same  strength  and  elongation.  The 
stresses  to  which  wristpins  and  sidebars  are  subjected  are  more 
destructive  than  any  coming  on  a  bridge  pin. 

The  speaker  did  not  care  to  enter  into  a  discussion  of  the  formulas, 
because,  while  the  work  on  which  they  are  based  was  admirable,  he 
hoped  engineers  would  not  use  them  until  the  investigations  have 
been  carried  far  enough  to  include,  not  only  the  composition,  but  also 
the  manipulation  of  the  material.  Until  that  is  done,  and  as  long  as 
a  little  variation  in  manipulation  can  upset  by  many  times  all  the 
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variations  given  by  the  author's  formula  for  the  chemical  elements,  Mr.  Metcaif. 
such  formulas  have  no  safe  working  value  unless  used  in  connection 
with  the  testing  machine. 

Joseph  Mayer,  M.  Am.  Soc.  C.  E. — As  regards  steel  of  high  Mr.  Mayer, 
strength,  members  may  be  interested  to  learn  that  wire  has  been 
drawn  during  the  last  two  years  for  the  cables  of  suspension  bridges 
which  has  an  ultimate  strength  of  about  200  000  lbs. ,  an  elastic  limit 
of  about  160  000  to  180  000  lbs., and  an  elongation  of  4  per  cent.  That 
the  price  of  such  wire  was  not  excessive  is  shown  by  its  use  in  most 
of  the  large  suspension  bridges  recently  erected. 


CORRESPONDENCE. 


H.  H.  Campbell,  M.  Am.  Soc.  C.  E. — The  pai3er  discusses  at  Mr.  Campbell, 
length  the  results  of  investigations  made  by  the  writer  upon  the  influ- 
ence of  the  metalloids  usually  found  in  steel.  The  full  details  of  the 
calculations  were  published  more  for  the  benefit  of  the  metallurgist 
than  of  the  engineer.  The  problem  was  far  from  simple.  It  had  been 
attacked  by  many  students,  and  the  writer  does  not  suppose  for  a 
moment  that  the  final  answer  has  been  given.  On  the  contrary,  it  will 
be  found  that  the  book  in  which  these  results  were  published  ex- 
pressly states  that  many  things  are  left  in  darkness.  Instances  of  error 
will  be  found  in  the  author's  Table  No.  1,  where  Group  121  shows  a 
difference  of  12  210  lbs.  between  the  actual  and  the  calculated  weight. 
This  discrepancy  is  discussed  on  pages  316,  317  and  318  of  the  writer's 
"  Structural  Steel,"  and  it  is  pointed  out  that  the  law  seems  to  fail  in 
steels  containing  a  combination  of  high  silicon  and  high  carbon.  In 
this  grouj)  the  content  of  silicon  was  0. 23^,  but  it  does  not  appear 
that  the  silicon  itself  has  a  direct  effect  upon  the  iron,  but  that 
it  enhances  the  effect  of  the  associated  carbon.  This,  however,  is 
theory,  and  is  offered  here  only  as  an  instance  of  the  comi^lexities 
arising  during  the  investigation,  and  as  showing  how  engineers  must 
ajJiiroach  the  subject  with  a  proper  feeling  of  resjiect. 

It  is  also  necessary  to  note  that  the  thickness  of  the  material  has  a 
marked  bearing  on  the  tensile  strength.  This  was  expressed  by  the 
writer  in  a  factor  in  his  formula,  which  represented  an  allowance  for 
the  section  and  the  finishing  temperature.  In  the  case  of  annealed 
work  this  factor  would  be  quite  important. 

The  author  has  ignored  these  refinements  in  his  formula,  although 
he  is  thoroughly  aware  of  their  existence  and  their  value.  He  has 
aimed  to  attain  simplicity  and  is  entitled  to  great  credit  for  his  suc- 
cess. These  remarks,  therefore,  must  not  be  considered  as  a  criticism 
of  his  work,  but  as  a  warning  to  engineers  that  such  complications 
exist,  a  fact  which  the  author  has  hardly  made  suflficiently  prominent. 
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Mr.  Waddell.  J.  A.  L.  Waddell,  M.  Am.  Soc.  C.  E. — The  author  has  given  to 
the  engineering  profession  a  very  useful  little  formula  which  can  be 
remembered  readily.  The  tabulated  figures  which  he  presents  pro- 
vide a  method  of  checking  the  accuracy  of,  not  only  his  formula,  but 
also  that  of  the  formulas  of  Messrs.  Campbell  and  Webster.  The 
folloA\'ing  average  errors  of  the  three  formulas  have  been  computed 

therefrom: 

Fob  Aero  Steel. 


Average  Errors. 

Campbell. 

Webster. 

Cunningham. 

1  272  lbs. 
3  073    " 
2446    " 

4  622  lbs. 

None. 
4  622  lbs. 

566  lbs. 

5  549    " 

All  errors 

4  203    " 

Fob  Basic  Steel. 


Average  Errors 

Character  of  errors. 

Campbell. 

Webster. 

Cunningham. 

742  lbs. 
1  183    '• 
977     •' 

3  288  lbs. 
1005     " 
3  112     " 

1  000  lbs. 

1  320    •' 

1  215    " 

Avebage  fob  Acxd  and  Basic  Steels. 
(Mean  from  two  preceding  tables.) 


A.VERAGE  Errors 

Character  of  errors. 

Campbell. 

Webster. 

Cunningham. 

Plus  errors 

1  007  lbs. 

2  128    ■• 
1  712    " 

3  955  lbs. 

503    " 
3  867    " 

783  lbs. 

3  485    " 

2  709    " 

From  these  tables  it  will  be  seen  that  the  author's  formula  is  leas 
accurate  than  that  of  Mr.  Campbell,  but  more  accurate  than  that  of 
Mr.  Webster. 

An  examination  of  the  author's  two  tables  shows  that  the  greatest 
errors  in  all  three  formulas  are  for  the  very  high  steels,  and  that  the 
higher  the  steel,  the  greater  the  error. 

Xow,  as  striictural  engineers — if  it  be  permissible  to  coin  such  a 
designation — are  not  interested  in  steel  having  an  ultimate  strength 
exceeding  75  000  lbs.  per  square  inch,  it  would  be  interesting  to  see 
what  are  the  various  errors  of  the  three  formulas  for  steels  below  that 
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limit;  consequently,  the  writer  has  prepared  the  following  tables  on  Mr.  Waddeii. 

that  basis: 

FoK  AcED  Steel. 


Character  of  errors. 

\VERAGE  Errors 

Campbell. 

Webster. 

Cunningham. 

Plus  errors  

1  272  lbs. 
1  150    " 
1  208    " 

4  461  lbs. 

None. 
4  461  lbs. 

566  lbs. 

Minus  errors 

1  652    " 

1251     '^ 

FoK  Basic  Steel. 


Character  of  errors. 

Average  Errors. 

Campbell. 

Webster. 

Cunningham. 

Plus  errors 

742  lbs. 
1  001     " 

871     " 

3  288  lbs. 
1  005     •' 
3  112     " 

659  lbs. 

Minus  errors 

1  312    " 

All  errors 

1  032    " 

Average  for  Acid  and   Basic   Steels. 
(Mean  from  two  preceding  tables.) 


Character  of  errors. 

Average  Errors. 

Campbell. 

Webster. 

Cunningham. 

Plus  errors 

1  007  lbs. 
1  076    " 
1  040    " 

3  875  lbs. 
503    " 

3  787    " 

613  lbs. 

1482     " 

All  errors 

1  141     " 

From  the  last  table  it  will  be  seen  that,  within  the  ultimate  limit 
for  tensile  strength  of  steel  set  by  the  practice  of  the  structural  engi- 
neer, the  author's  formula  is  on  the  average  almost  as  accurate  as  the 
more  complicated  one  of  Mr.  Camj)bell. 

The  question  now  arises  as  to  whether  the  author's  formula  is 
theoretically  as  i^erfect  as  it  could  be  made.  If  it  were,  the  average 
plus  and  minus  errors  would  be  alike.  For  acid  steel  they  are 
respectively  566  lbs.  and  1  652  lbs. ;  for  basic  steel  they  are  659  lbs. 
and  1  312  lbs. ;  and  for  the  average  of  acid  and  basic  steels  they  are 
613  lbs.  and  1  482  lbs.  These  variations  are  not  great,  especially  in 
the  case  of  basic  steel;  and  as  that  metal  is  used  nowadays  in  nine 
cases  out  of  ten,  it  is  fair  to  conclude  that  the  author's  formula  can- 
not be  very  much  improved  upon,  considering  its  simple  form  and 
easily  remembered  constants. 
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Mr.  Waddell.  As  a  check  on  the  accuracy  of  the  formula  the  writer  has  chosen  at 
random  a  file  of  inspectors'  rejjorts  on  the  strength  and  other  proper- 
ties of  basic  steel  from  among  the  tests  of  some  thirty  odd  thoiisand 
tons  made  for  him  on  that  metal  during  the  last  three  years,  and  from 
the  same  has  obtained  the  following  figures,  each  case  tabulated  re- 
presenting an  average  of  six  records. 


Actual  strength. 

By  formula. 

Plus  errors. 

Minus  errors. 

63  900 

64  500 

65  900 
65  050 
64  600 
64  150 
64  650 

63  800 

64  200 

64  650 

65  350 
64  950 
64  070 
63  750 

66  350 

63  150 

64  300 
64  550 
64  950 
66  000 
63  050 
63  000 
63  150 
61550 
63  800 
63  950 
63  900 
63  200 
69  330 

63  800 

64  400 
64  800 
64  250 
66  750 

64  850 

65  350 
64  850 

1600 

2  417 
898 
200 
323 

1223 

"i'ess 

85 
447 
787 
477 
633 

3  892 
205 

1423 

2  850 

930 

■  i'4i3 

427 
568 

■ " '360 
2  300 

458 

■  i'626 
1435 
1449 

520 
1770 
1  050 

' ■ '475 

63  483 

64 152   

64  400 

63  827 

63  427   

64  252 

453 

62  547 

64  565    

64  903   

64  163 

63  593    

63  117  

62  458 

62  945     

62  877 

61700 

64  030 

67  440 

1440 

61  637 

62  573 

62  583 

64  327 

3  777 

64  553    

752 

63  590 

61  600 

62  742 

70  117 

787 

62  780 

62  965 

63  351 

63  730 

64  980 

63  800 

67  087 

1737 

64  375 

The  averages  from  the  preceding  table  are  as  follows: 

Plus  errors  average 1  109  lbs. 

Minus  errors  average 1  324     '  • 

All  errors  average , 1  145     " 

This  is  a  very  close  coincidence  with  the  results  found  for  basic 
steel  from  the  author's  tables  with  all  metal  ruled  out  that  exceeds  in 
ultimate  strength  75  000  lbs.  per  square  inch.  It  shows  also,  as 
previously  indicated,  that  the  constants  in  his  formula  cannot  well  be 
improved  upon,  because  the  average  plus  error  and  the  average  minus 
error  do  not  differ  much  numerically. 

A  more  correct  method  of  proving  this  is  to  take  the  algebraic  sum 
of  all  errors  and  divide  by  the  number  of  same.  The  result  will  show 
how  far  the  formula  is  from  perfect  adjustment.  Treating  thus  all  the 
cases  in  the  author's  two  tables,  where  the  ultimate  strength  is  below 
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75  000  lbs.  per  square  inch,  gives  a  negative  average  error  of  615  lbs.     A  Mr.  Waddell. 
•corresponding  treatment  of  the  writer's  table  gives  a  positive  average 
error  of  703  lbs. 

Treating  in  the  same  way  a  combination  of  the  amended  table  of 
the  author  and  that  of  the  writer  gives  a  negative  average  error  of  only 
44  lbs. 

This  i^roves  once  more  and  most  conclusively  that,  on  the  basis  of 
the  tests  herein  employed,  the  author's  formula  cannot  be  materially 
improved. 

A.  C.  Cunningham,  M.  Am.  Soc.  C.  E. — In  deducing  the  formula  Mr.  Cunning- 
with  which  this  paper  opens,  the  object  has  not  been  to  solve  a  com- 
plicated and  difficult  metallurgical  i^roblem,  but  rather  to  provide  a 
simple  and  readily  applied  rule,  sufficiently  near  the  truth  to  be  of 
value  to  the  engineer. 

The  application  of  the  formula  to  Mr.  Campbell's  tables  rejiresents 
iDut  a  few  of  the  many  trials  to  which  it  had  been  previously  subjected 
with  different  kinds  and  grades  of  steel  made  by  many  different  manu- 
facturers. In  submitting  the  formula,  Mr.  Cami^bell's  tables  were 
used  for  its  application  on  account  of  the  extreme  accuracy  of  the 
analyses  therein  contained,  and  for  a  comparison  of  results  of  various 
formulas.  It  is  not  intended  to  take  the  jslace  of  a  tension  test.  Were 
it  possible  to  deduce  a  formula  which  would  show  the  exact  strength 
of  steel  under  all  and  varying  conditions,  we  would  still  retain  the 
tension  test,  for  it  shows  many  other  and  valuable  i^roperties  besides 
the  ultimate  strength.  The  formula  is  intended  to  establish  for  the 
engineer  a  relation  between  the  analysis  of  steel  and  its  tension  test. 

It  is  true  that  varying  maniisulations  will  raise  or  lower  the  tensile 
strength  of  steel  while  its  chemical  composition  remains  the  same,  as 
hot  or  cold  finishing,  quenching  or  quick  cooling,  and  annealing  or 
slow  cooling. 

It  is  also  true  that  the  great  bulk  of  steel  which  enters  into  bridges 
and  other  structures  is  not  subject  to  the  above  influences,  unless  in- 
tentionally. The  conditions  governing  the  manufacture  of  structural 
steel  to-day  are  remarkably  uniform  throughout  this  country  ;  the 
amount  of  work  put  upon  the  steel  in  rolling,  and  its  finishing  temi^er- 
ature  and  rate  of  final  cooling,  differ  but  slightly  between  the  various 
mills,  and  still  less  in  each  individual  mill.  Neither  does  the  chem- 
ical comi^osition  of  structural  steel  vary  to  any  great  extent  between 
the  different  mills,  and  it  is  safe  to  say  that  the  princijjal  constituents 
of  most  of  the  steel  made  will  be  bet  ween  the  following  limits. 

For  Acid  Open-Hearth  : 
Carb.,  .10 to. 30;  phos.,  .05  to.  10;  mang.,  .30 to. 60;  sulph.,  .04  to  .07. 

For  Basic  Open-Hearth  : 
Carb.,  .10  to  .30;  phos.,  .02  to. 06;  mang.,  .20  to  .50;  sulph.,  .03  to  .06. 
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Mr.  Cunning-  When  it  is  considered  also  tliat  80  or  90%"  of  the  material  entering 
*™'  into  strxictures  is  between  the  thickness  of  f  and  f  in. ,  the    difficulty 

of  constructing  a  formula  that  shall  give  a  relation  between  the  analy- 
sis and  the  tensile  strength  for  the  great  majority  of  cases  is  not  so 
great  as  at  first  appears. 

While  physical  manipulations  will  change  the  normal  or  standard 
relations  between  the  composition  of  steel  and  its  tensile  strength^ 
there  are  other  conditions,  of  even  more  importance  to  the  engineer, 
which  will  also  change  them.  These  conditions  are  segregation  or 
the  uneven  distribution  of  the  constituents  of  steel,  and  incorrect 
analyses.  Under  the  latter  may  be  included  the  accidental  or  inten- 
tional substitution  of  one  kind  of  steel  for  another,  or  of  one  cast  of 
steel  for  another. 

When  a  formula  shows  a  close  relation  between  composition  and 
strength  in  one  hundred  cases,  and  differs  materially  in  the  one  hun- 
dred and  first,  it  is  safe  to  assume  that  in  this  case  there  is  no  relation 
between  the  given  composition  and  the  strength  of  the  steel,  and  it  is 
time  for  investigation. 

When  the  approximate  correctness  of  a  formula  for  calculating  the 
strength  of  steel  from  its  composition  has  once  been  established,  such 
a  formula  is  only  specially  valuable  to  the  engineer  when  it  indicates 
a  radical  variation  between  the  calculated  and  actual  strength,  for 
then,  as  stated  in  the  opening  rule,  it  indicates  mixed  steels,  segrega- 
tion, incorrect  analyses  or  unusual  treatment,  all  of  Avhich  are  condi- 
tions undesirable  to  the  engineer. 

Had  Mr.  Metcalf  understood  that  this  formula  was  not  intended  to 
take  the  place  of  a  tension  test  nor  to  supjjlant  any  of  the  established 
chemical  or  physical  tests,  but  rather  to  draw  them  into  closer  relation 
and  demonstrate  that  manipulation  and  other  things  will  greatly 
change  the  strength  of  steel,  it  is  believed  that,  instead  of  warning 
engineers  against  this  and  other  formulas,  he  would  have  recommended 
their  thorough  trial  to  demonstrate  their  use  or  uselessness.  Thanks 
are  due  to  Mr.  Waddell  for  his  careful  and  extensive  trial  of  the  formula, 
and  his  success  with  it  shows  the  extreme  care  which  he  has  exercised 
in  the  selection  and  testing  of  his  steel. 

The  analysis  of  steel  which  reaches  the  engineer,  and  on  the 
strength  of  which  the  manufacturer  rolls  it  into  finished  sections,  is  the 
"  heat  "  or  "  cast  "  analysis,  and  is  made  on  a  small  sample  taken  from 
the  molten  steel  when  cast.  This  cast  analysis  represents  the  average 
amount  of  the  various  elements  contained  in  the  steel.  Now,  it  is  not  at 
all  unusual  for  segregation  to  redistribute  the  elements  in  a  cooling 
ingot  so  that  they  may  vary  in  different  parts  as  much  as  25%  above  or 
below  the  average,  and  it  is  not  so  uncommon  as  to  cause  wonderment 
to  find  them  varying  100  per  cent. 

A  variation  of  25%  in  the  segregating  elements  is  not  harmful  in  an 
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ordinarily  good  steel,  while  a  variation  of  over  50%  will  rediice  parts  of  Mr.  Cunning- 
the  steel  to  a  very  common  quality,  and  a  variation  of  100^  is  likely  to 
make  the  highly  segregated  portions  dangerous  for  any  important  use. 

As  the  segregating  elements  in  the  engineer's  tension  test  are  liable 
to  vary  25%  or  more  from  the  cast  analysis,  an  allowance  must  be  made 
for  variation  between  the  actual  strength  and  that  calculated  by  the 
formula  from  the  "cast"  or  average  analysis.  For  ordinarily  good 
steels,  the  not  dangerous  variation  of  25%"  corresponds  to  a  variation 
between  the  calculated  and  actual  strength  of  about  5  000  lbs.  above 
or  below. 

For  those  who  wish  to  use  or  introduce  into  their  specifications  a 
formula  for  calculating  the  strength  of  steel,  the  following  clause  is 
suggested: 

The  tensile  strength  of  each  cast  of  steel  shall  be  calculated  from 
its  cast  analysis  by  the  following  formula:  *  *  *  Tension  tests 
varying  from  calculated  strength  more  than  5  000  lbs.  for  material 
between  f  and  f  in.  in  thickness,  and  varying  more  than  7  000  lbs. 
for  other  material,  shall  be  cause  for  additional  tests  and  check  anal- 
yses on  the  cast  of  steel  in  question. 

The  following  examples  of  the  use  of  this  formula,  taken  from  actual 
practice,  show  some  of  its  valuable  ajiplications : 

Example  N'o.  1. — A  test  piece  from  a  forged  pin  gives  an  ultimate 
strength  of  60  640  lbs.  jser  square  inch.      One   chemist   reports  the 
analysis  of  drillings  from  this  test  j^iece  to  be  as  follows: 
.24  carbon,  .053  jihos.,  .44  mang.,  .033  sulphiir. 

Another  chemist  reports  the  analysis  of  the  same  drillings  to  be  as 
follows : 

.14  carbon,  .051  phos.,  .42  mang.,  .024  stilphur. 

Which  analysis  is  more  likely  to  be  correct? 

From  the  first  analysis,  by  the  rule,  the  ultimate  would  be  40  000  -f- 
24  000  +  5  300  =  69  300  lbs.,  exceeding  the  actual  ultimate  by  8  660 
lbs.  From  the  second  analysis,  40000  +  14  000  +  5  100  =  59  100  lbs., 
being  less  than  the  actual  ultimate  by  1  540  lbs.,  from  which  it  maybe 
assumed  that  the  second  analysis  is  the  more  nearly  correct. 

Example  No.  2. — The  cast  analysis  of  a  heat  of  steel  from  which  a 
forged  pin  has  been  made  is  as  follows : 

.22  carbon,  .053  phos.,  .40  mang.,  .038  sulphur. 

A  test  piece  from  the  circumference  of  this  pin  gives  an  ultimate 
strength  of  60  640  lbs. ,  while  a  test  piece  from  the  axis  gives  an  ulti- 
mate of  74  360  lbs.     Is  not  this  pin  badly  segregated? 

From  the  cast  analysis,  by  the  rule,  the  calculated  ultimate  would 
be  40000  +  22  000  -f  5  300  =  67  300  lbs.,  exceeding  the  actual  ultimate 
at  the  circumference  by  6  660  lbs.,  and  being  less  than  the  actual  ulti- 
mate at  the  axis  by  7  060  lbs.     Drillings  from  the  test  piece  at  the  cir- 
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Mr.  Cunning-  cnmference analyzed  as  follows:  .14  carbon,  .051  plios.,  .42  mang.,  .024 
sulphur,  -n-hicli  indicates  an  ultimate  of  59  100  lbs. 

Drillings  from  the  test  piece  at  the  axis  analyzed  as  follows : 

.22  carbon,  .091  phos.,  .47  mang.,  .077  sulphur. 

Which  indicates  an  ultimate  of  71  100  lbs.  There  is,  therefore, 
a  great  segregation  of  carbon,  phosphorus  and  sulphur  in  this  pin, 
as  indicated  by  the  variation  of  actual  ultimates  from  the  calculated 
ultimate  of  the  cast  analysis. 

Example  No.  3. — A  3  x  3  x  f-in.  Bessemer  steel  angle  made  from  a 
blow  containing  .40  carbon  gives  on  test  an  ultimate  strength  of  91  680 
lbs.  i^er  square  inch.  What  is  the  probable  phosphorus  content  of 
this  angle? 

The  ultimate  strength,  less  the  base  and  the  hardness  due  to  car- 
bon, gives  the  hardness  due  to  phosphorus,  which,  divided  by  1  000, 
gives  the  ijrobable  phosphorus  content. 

91  680  —  (40  000  +  40  000)  =  11  680  =  ±  .12  phos. 

Analysis  of  this  angle  gave  carbon  .39  and  phos.  .142,  correspond- 
ing to  a  calculated  ultimate  of  93  200  lbs. ,  and  differing  from  the  actual 
ultimate  by  only  1  520  lbs. 

Example  No.  4. — A  test  from  the  edge  of  a  30  x  iVin-  universal  mill 
plate  gives  an  ultimate  strength  of  59  200  lbs.  per  square  inch,  and 
the  analysis  of  the  test  j)iece  gives  .08  carbon,  .077  phos.,  and  .040  sul- 
phur. A  test  on  the  center  line  of  the  same  plate  gives  an  ultimate 
strength  of  66  520  lbs.  per  square  inch.  Assuming  that  the  segregation 
is  confined  entirely  to  phosphorus,  and  that  the  carbon  does  not 
change,  as  being  the  worst  condition,  what  is  the  probable  phosphorus 
content  at  the  center  of  the  plate  ? 

66  520  —  (40  000  +  8  000)  =  18  520  =  ±  .  18  phos.  The  actual  an- 
alysis of  the  center  test  piece  gave  .09  carbon,  .153  phos.,  and  .085 
sulphur. 


C. 

P. 

s. 

Act.  Ult. 

Calc.  Ult. 

Diff. 

Edge, 

.08 

.077 

.040 

59  200 

55  700 

3  500 

Center, 

.09 

.153 

.085 

66  520 

64  300 

2  220 

Example  No.  5. — A  6  x  6  x  f-in.  angle  gives  an  ultimate  strength  of 
58  840  lbs.  per  square  inch.  It  is  supposed  to  be  acid  open-hearth 
steel  from  a  cast  containing  .19  carbon,  .046  phos.,  and  .042  sul- 
phur, which  indicates  an  ultimate  strength  of  40  000  +  19  000  +  4  600 
=  63  600  lbs.  Is  this  a  case  of  segregation  or  mixed  steel?  The 
analyses  of  the  test  piece  gave  .20  carbon,  .009  phos.,  and  .027 
sulphur,  corresijonding  to  an  ultimate  of  60  900,  and  clearly  indicat- 
ing that  the  angle  was  of  basic  open -hearth  steel. 
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WITH  DISCUSSION. 


During  the  years  1893  and  1894  there  was  eonstrncted  by  the 
Water  Committee  of  the  City  of  Portland,  Ore.,  and  under  the 
immediate  supervision  of  the  author  as  priucijDal  assistant  engineer, 
a  conduit  30  miles  in  length,  for  the  puri:)ose  of  bringing,  for  the 
sui)ply  of  the  city,  the  waters  of  Biill  Run  River,  a  beautiful 
mountain  stream  having  its  source  a  few  miles  distant  from  the  base 
of  Mt.  Hood. 

For  24  miles  of  the  distance  the  conduit  consists  of  a  riveted  steel ' 
pipe,  the  several  sections  of  which  are  33,  35  and  42  ins.  in  diameter. 
For  the  42-in.  pipe  the  plate  varied  in  thickness  from  No.  6,  B.  W.  G., 
to  f  in.,  or  0.22  to  0.375  in.     The  33-in.  and  35-in.  sections  were  made 
of  No.  6  plate,  B.  W.  G.* 

The  specifications  for  the  manufacture  of  the  plate  called  for  steel 
having  a  tensile  strength  of  55  000  to  65  000  lbs.  per  square  inch,  with 
an  elastic  limit  of  30  000  lbs.  per  square  inch,  and  capable  of  being 
*  See  Transactions,  Vol.  xxxvi,  p.  197. 
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bent  180°  when  cold  and  hammered  down  flat  without  sign  of  fracture. 
The  record  of  tests  made  during  the  process  of  manufacture  shows 
that  the  plate  was  fully  up  to  the  standard  for  tensile  strength  and 
elasticity.  The  pipe  trench  was  excavated  chiefly  in  a  clayey  soil,  but 
in  a  few  places  cement-gravel  and  boulders  were  encountered.  The 
average  depth  of  the  trench  was  from  7  to  8  ft. ,  but  for  short  distances 
the  depth  was  sometimes  as  great  as  11  ft. 

In  January,  1894,  while  some  of  the  employees  of  the  contractors 
were  at  work  inside  a  section  of  the  35-in.  pipe,  they  discovered  that 
the  top  of  the  pipe  had  been  flattened,  apparently  by  the  weight  of 
the  earth  covering.  This  having  been  brought  to  the  attention  of  the 
author,  he  at  once  caused  an  examination  to  be  made,  with  a  view  of 
determining  the  extent  of  the  flattening  of  the  pipe  and  its  probable 
cause. 

At  that  time  there  had  been  laid  8  miles  of  35-in.  pipe  and  about  1 
mile  of  42-in.  pipe  of  No.  6  plate. 

Measurements  of  the  inside  diameter  of  the  pipe  then  laid  were  made 
at  various  points,  particularly  where  the  trench  had  been  the  deepest, 
and  it  was  found  that  the  crown  of  the  pipe  had  been  flattened  quite 
generally,  the  amount  of  such  flattening  varying  from  ^  in.  to  a  maxi- 
mum of  4  ius. 

As  the  greatest  depression  was  not  found  uniformly  at  the  points 
where  the  pipe  was  buried  the  deejjest,  the  conclusion  seemed 
unavoidable  that  the  earth  had  not  been  properly  tamped  around 
the  pipe  when  the  back-filling  of  the  trench  was  being  done.  From 
this  examination  it  also  apiseared  probable  that  the  top  of  the  pipe 
had  been  flattened  to  a  greater  or  less  degree  throughout  its  entire 
length,  and  the  question  therefore  arose  at  once  as  to  the  effect, 
if  any,  which  this  distortion  might  have  upon  the  caulking  of  the 
seams. 

Having  reported  to  the  chief  engineer,  Isaac  W.  Smith,  M.  Am. 
Soc.  C.  E.,  since  deceased,  the  action  that  had  so  far  been  taken  and 
the  discoveries  resulting  therefrom,  he  immediately  directed  the 
author  to  make  a  series  of  experiments  with  the  view  of  ascertaining 
if  the  pipe  had  been  injured  in  any  way  by  the  changes  in  its  shape 
which  had  been  noticed.  This  step  was  taken  in  order  to  be  prepared 
for  any  possible  claim  which  might  arise  in  the  final  settlement  with 
the  contractors. 
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In  conducting  these  tests  the  design  was  to  reproduce  as  nearly  as 
possible  the  conditions  under  which  the  pipe  had  so  far  been  laid,  as  to 
depth  of  trench,  weight  of  covering,  etc.  With  this  end  in  view  a  plank 
box  was  constructed  20  ft.  long,  8  ft.  high,  and  having  a  top  and  bottom 
width  to  correspond  to  the  average  dimensions  of  the  trench,  4|  ft.  at 
the  bottom  and  5i  ft.  at  the  top  (Fig.  1).  In  this  box  was  placed  a 
section  of  the  pipe  29  ft.  3  ins.  long,  the  usual  length  of  the  sec- 
tions as  they  came  from  the  shop.  Each  section  consisted  of  alternate 
large  and  small  plates,  six  in  all.  The  box  was  then  filled  with  coarse 
sand,  weighing  about  80  lbs.  per 
cubic  foot.  The  sand  was  carefully 
packed  around  and  over  the  pipe 
for  a  distance  of  20  ft.  along  its 
central  jJortion,  the  pipe  projecting 
about  5  ft.  at  each  end  of  the  box. 

Test  2^0.  1. — This  was  made  with 
a  section  of  the  33-in.  pipe  of  Xo. 
6  plate.  The  sand  was  carefully 
tamped  to  a  height  of  5f  ft.  above 
the  top  of  the  pipe.  The  api^roxi- 
mate  weight  was  460  lbs.  per  square 
foot.  The  vertical  and  horizontal 
diameters  on  the  inside  of  the  small  Fig.  i. 

courses  were  carefully  measured  at  the  center  and  at  a  jjoiut  10  ft.  on 
each  side  of  the  center,  or  5  ft.  from  each  end  of  the  pipe.  These 
measurements  were  taken  before  the  pipe  was  covered,  and  again  after 
it  had  been  standing  covered  for  forty  hours,  when  it  was  found  that 
the  top  of  the  pipe  had  been  depressed  f  in.  After  removing  the  sand 
from  the  box,  the  pipe" was  again  measured  and  found  to  have  regained 
its  original  form. 

Test  N'u.  2. — The  pipe  used  in  Test  1  was  covered  with  sand  loosely 
piled  to  a  depth  of  3  ft.  above  the  top  of  the  pipe.  This  load  caused 
a  depression  of  tV  in.  The  pipe  was  then  covered  to  a  depth  of  5| 
ft.,  which  depressed  the  top  between  \  and  f  in.  Upon  removing  the 
load,  the  pipe  came  back  to  its  original  dimensions. 

Test  No.  3. — The  33-in.  pipe  used  in  Tests  1  and  2  was  next  braced 
on  the  outside  with  timbers  wedged  against  the  sides  of  the  box. 
These  timbers  were  placed  at  the  center  and  at  points  about  midway 
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between  the  center  and  each  end  of  the  pipe,  and  were  wedged  in  so  as 
to  compress  the  sides  of  the  pipe  slightly.  Upon  filling  the  box  with 
loose  sand  a  depression  of  the  top  of  the  pipe  was  noticed,  varying  from 
A  to  iV  io-j  showing  that  a  thorough  tamping  of  sand  around  the  pipe 
made  a  better  support  than  the  timber  braces.  Upon  uncovering  the 
ljil)e  and  removing  the  braces,  the  pipe  regained  its  former  vertical 
diameter  within  -fV  in. 

This  concluded  the  tests  of  the  33-in.  pipe.  The  loads  applied 
were  equal  to  the  average  weight  of  the  pipe  covering  in  the  trench, 
and,  upon  removing  them,  the  pipe  practically  regained  its  original 
form  in  each  instance. 

Test  No.  4. — This  was  made  with  a  section  of  4:2-in.  pipe.  No.  4 
plate.  This  pipe  was  placed  in  the  box  and  covered  with  carefully 
tamped  sand  to  a  depth  of  b\  ft.  After  standing  fifteen  hours  the 
measurements  taken  showed  a  vertical  compression  varying  from  \  ta 
tV  in.     When  unloaded  the  pipe  regained  its  original  form. 

Test  No.  5. — For  this  test  a  section  of  42-in.  pipe  of  No.  6  plate  was 
used.  The  sand  was  tamped  solidly  to  a  height  of  5i  ft.  above  the 
crown  of  the  pipe.  The  estimated  weight  was  420  lbs.  per  square  foot. 
This  caused  a  depression  of  the  top  varying  from  t^  to  -j^  in.  Upon 
removing  the  load,  the  pipe  regained  its  former  diameter. 

Test  No.  6.  — The  same  pipe  used  in  Test  5  was  then  supjjorted  on  the 
sides  by  timbers  placed  at  7|-  ft.  centers  and  wedged  against  the  sides 
of  the  box.  The  pipe  was  next  covered  with  sand,  thoroughly  tamped 
as  in  Test  5,  and  in  addition  some  ii'on  castings  were  distributed  along 
the  center  of  the  isipe  on  toj)  of  the  sand,  making  a  total  load  of  520 
lbs.  per  square  foot,  equal  to  that  of  a  fill  of  6|  ft.  above  the  top  of 
the  pipe.  This  load  dejiressed  the  top  of  the  pipe  -fn  in.  When  the  load 
and  braces  were  removed,  the  pipe  regained  its  former  vertical  dimen- 
sions, vrith  a  variation  of  j  in.  at  one  point  only. 

Test  No.  7. — In  order  to  show  the  effect  of  moi'e  severe  treatment, 
the  section  of  pipe  used  in  Test  6  was  again  jjlaced  in  position,  and  a 
timber  platform  placed  on  top  of  it  and  loaded  with  iron  castings,  the 
sides  of  the  pipe  not  being  supported  in  any  manner.  A  load  weighing 
17  600  lbs.  was  then  applied,  which  caused  a  maximum  compression  of 
If  ins. ;  upon  removing  the  load,  the  pipe  regained  its  former  vertical 
diameter  within  -j  in. 

The  pipe  was  then  removed  from  the  box  and  subjected  to  an  in- 
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ternal  hydrostatic  pressure  of  150  lbs.  per  square  inch,  but  no  leaks 
appeared. 

Test  No.  8. — The  pipe  used  in  Test  7  was  again  placed  in  position 
without  support  for  the  sides,  and  the  top  was  loaded  with  a  box  filled 
with  sand  weighing  36  000  lbs.  After  supporting  this  load  for  40 
hours,  measurements  of  the  vertical  diameter  showed  a  compression 
ranging  from  .Si  to  4^^-  ins.  On  removing  the  load,  the  pipe  regained 
its  former  vertical  diameter  within  f  in. 

Test  No.  9. — The  pipe  used  in  Test  8  was  covered  with  sand,  thor- 
oughly tamped,  to  a  depth  of  5^  ft.  on  the  tojj  of  the  pipe,  and  the 
sand  saturated  with  water.  This  caused  a  depression  of  the  top  vary- 
ing from  f  to  1  in.,  the  pipe  regaining  its  former  dimensions  upon  re- 
moving the  load.  The  pipe  was  again  subjected  to  150  lbs.  per  square 
inch  hydrostatic  pressure,  but  no  leaks  appeared. 


-S!'A 


Fig.  2. 


Test  No.  10. — As  a  final  test  the  pipe  section  used  in  Tests  5  to  9, 
inclusive,  was  again  placed  in  position,  and  by  means  of  three  jack 
screws,  placed  one  at  the  center  and  one  5  ft.  from  each  end,  the  pipe 
was  comjiressed  8fV,  8H  and  8f  ins.  at  the  several  points.  By  an  ar- 
rangement of  levers  (Fig.  2),  the  pressure  required  to  produce  this 
effect  was  found  to  be  13  390,  14  190  and  15  170  lbs.,  or  a  total  of  42  750 
lbs.  A  final  test  to  150  lbs.  per  square  inch  hydrostatic  pressure  failed 
to  discover  any  leak  in  the  pipe.  Measurements  taken  after  the  pipe 
was  removed  from  the  hydrostatic  press  showed  a  permanent  set  of 
IH  to  2  ins. 

No  further  tests  of  the  pipe  were  made,  nor  were  they  considered 
necessary,    it   having  been   shown   by   those  already   made  that  the 
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conditions   under   which    the    pipe    had    been    laid    had    not    been 
injurious. 

The  conclusion  reached  at  the  time,  as  the  result  of  the  foregoing 
tests,  was  that  some  degree  of  compression  of  the  pipe  might  be 
exj^ected  with  all  sizes  and  weights  of  plate  in  use  on  the  line  ;  that 
this  compression  could  not  be  entirely  avoided  without  considerably 
increasing  the  cost  of  the  work  ;  and  that  if  this  compression  did  exist, 
it  would  not  injure  the  pipe. 

When  the  work  of  pipe  laying  was  resumed  in  the  spring  of  1894, 
additional  inspectors  were  employed,  and  the  work  of  back-filling  was 
closely  watched  for  the  purpose  of  securing  a  strict  compliance  with 
the  specifications,  which  provided  that  below  the  upper  surface  of  the 
pipe  the  earth  must  be  tamped  in  layers  not  exceeding  6  ins.  in  thickness. 

In  order  to  have  some  further  practical  evidence  as  to  the  cost  and 
effect  of  properly  doing  the  work  of  back-filling,  a  point  on  the  42-in. 
pipe  laid  the  previous  year  was  selected  where  a  flattening  of  the  top 
varying  from  If  to  2f  ins.  was  known  to  exist. 

One  hundred  feet  of  this  pipe  was  then  uncovered,  the  inside  dia- 
meter of  the  small  courses  being  carefully  measured,  both  before  and 
after  the  earth  was  removed.  The  record  shows  that  the  pipe 
expanded  vertically  from  }  to  If  ins.  as  soon  as  it  was  uncovered. 

The  earth  from  the  trench,  principally  yellowish  clay  and  sand, 
was  then  carefully  tamped  around  and  over  the  pipe.  Below  the  top 
of  the  jupe  one  man  used  a  tamping  bar  for  each  man  with  a  shovel. 
For  the  remainder  of  the  trench,  one  tamping  bar  was  used  to  three 
shovels.  The  cost  of  back-filling  for  this  short  section  was  9  cents  per 
cubic  yard  of  the  original  trench  excavation.  Measurements  taken 
when  the  pipe  had  been  covered  again,  showed  a  vertical  compression 
of  but  i  in.  during  the  process  of  refilling  and  tamping. 

In  this  connection  mention  may  be  made  of  a  point  on  the  35-in. 
pipe  where  the  flattening  of  the  top  was  found  to  reach  a  maximum  of 
3  ins.  when  measured  in  February,  1894.  During  an  inspection  of  the 
pipe  line  in  June,  1896,  this  section  was  measured  again  and  the  flat- 
tening was  found  to  be  from  y  in.  to  2  ins.  The  trench  was  excavated 
in  sandy  claj^  soil,  the  pipe  covering  ranging  from  4  to  5  ft.  in 
depth.  When  the  last  measurement  was  taken,  the  pipe  had  been 
subjected  to  a  hydraulic  pressure  of  60  lbs.  per  square  inch  for  sixteen 
months. 


CLARKE    ON    DISTORTION    OF    RIVETED    PIPE. 


99 


Tlie  foregoing  notes  are  presented  with  tlie  tlioiight  that  possibly 
they  may  be  of  service  to  some  seeker  after  light  upon  the  question  of 
the  depth  of  trench  jjermissible  for  steel  water  pipe  under  certain  con- 
ditions. Such  information  was  not  available  to  the  author  at  the  time 
the  grades  for  the  Bull  Run  pipe  line  were  decided  upon.  At  one 
summit  a  cut  of  from  12  to  16  ft.  was  required  for  a  distance  of  1  500  ft. 
Under  the  circumstances  it  was  necessary  that  the  trench  should  be 
entirely  refilled,  and,  in  order  to  avoid  an  excessive  loading  of  the  pipe, 
an  expense  of  SI  500  was  incurred  in  grading  off  the  entire  width  of 
the  right-of-way  road,  so  that  the  pipe  covering  would  not  exceed  a 
maximum  depth  of  7  ft.  This  would  not  be  done  again  under  similar 
circumstances. 

A  detailed  statement  of  measurements  taken  appears  in  the  follow- 
ing tables  : 

Riveted  Steel  Pipe  ;  29  Ft.  3   Ins.  Long,  33   Ins.  Diameter,  No.  6 

Plate,  B.  W.  G. 

Test  No.  1. 


5  Ft.  from 
End. 


Vert.l  Hor.    1  Vert.  I  Hor. 


Pipe  in  place,  unloaded 

Sand  tamped  around  pipe.  5§  ft.  deep  on  top  . 

After  standing  40  hours 

Compression 

Pipe  unloaded 

Expansion 


32J"  I  33J 


321 


1 1  5  Ft.  from 
Center,    i         End. 


321" 
32i" 
32?" 

3" 

32f" 


32iJ' 
33i' 
33g" 


Vert.  Hor. 


32xV'|  33^" 
32iV'    33i" 


32|"     33" 


Test  No.  2. 


Pipe  unloaded 

Sand  5§  ft.  deep,  loosely  piled 

Compression 

Pipe  unloaded , 

Expansion 


33" 

32S" 

32f" 

133" 

32?" 

■i'z\r 

33J" 

321" 

1  33tV 

321" 

tV 

0' 

[ 

^'" 

33" 

321^" 

32?" 

33" 

i  32i" 

iV 

s 

1            4 

33" 

a3i" 


32^1" 


Test  No.  3. 


I 

Pipe  unloaded  and  braced  outside I  33|" 

Pipe  loaded,  sand  03  ft.  deep 32|" 

Compression i" 

Pipe  unloaded 33  j^" 

Expansion 1      ,%" 


32|" 
33" 


32S" 
32iV 

32$^' 


33i" 


32|S' 
32g' 


321" 
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EiVETED  Steei,  Pipe,  29  Ft.   3  Ins.   Long,  42  Ins.  Diametee,    No.  4 
Plate,  B.  W.  G. 

Test  No.  4. 


Pipe  in  place,  unloaded. 

Sand  tamped  around 
pipe,  514  ft.  deep  on 
top 

Compression 

Pipe  unloaded 

Expansion 


Small 
Plate  End. 


Vert.  Hor. 


4U" 


41i" 
1" 

4l|" 


42J" 
43i'' 


5  Ft.  from 

End. 


Vert.  Hor. 


42r' 


421J" 


41  tb" 


41  iV    42/g" 


Center. 


Vert.   Hor 


41tV' 

5 
41  f" 


42|" 
'42^-' 


5  Ft.  from 
End. 


Vert.   Hor 


411" 

40!_i;; 

t'b" 
411" 


421" 
42i" 


Test  No.  5,  42-In.  Pipe,  No.  6  Plate,  B.  W.  G. 


Large 
Plate  End. 


Vert.  Hor 


4iii" 

4ir„ 

TB  ' 

41J" 


42; 


421i 


Pipe  in  place,  unloaded. 

Sand  tamped  around 
pipe,  514  ft.  deep  on 
top 

Compression    

Pipe  unloaded 

Expansion 


41i" 

421" 

41tV' 

..vl 

41}i" 

42^" 

41i" 

42i" 

41 1" 

40H" 

42H" 

401" 

42|" 

41  tV 

421" 

40H" 

43" 

41b" 

tb" 

411" 

iV 

'42iv' 

TS" 

4H" 

1" 

42;v' 

41  f 

42A" 

4ir 

ii" 

42;V' 

41^" 
5" 

42} 


431 


Test  No.  6. 


Pipe  unloaded,  braced 
outside,  714  ft- 
centers   

Sand  tamped  around 
pipe  load 

Compression 

Pipe  unloaded  and 
braces  removed.. 

Expansion 


41i" 

42tV 

4Hi" 

41ii" 

42A" 

41i" 

41f' 

41|" 

42i" 

41tV 

421" 

4H" 

42A" 

4H" 

41i" 

41tV' 

42i" 

42A" 

Tb 

TB 

1% 

tV 

iV 

411". 
tV 

421" 

4,J- 

42^" 

413" 

42i'b" 

411" 

42f" 

42" 

421" 
42J" 

421" 


Test  No.  7. 


Pipe  in  place,  unloaded 

Platform  loaded  with 
4  800  lbs.  iron  placed 
on  top  of  pipe.  Sides 
unsupported 

Weipfht  increased  to 
17  000  lbs 

Compression 

Pipe  unloaded 

Expansion 


4ii" 

42|" 

4U" 

42J" 

41|" 

42iV 

4ii" 

42i" 

j  42" 

4011" 

42J" 

40H" 

42M" 

41A" 

42J" 

40i" 

42ii" 

411"  j 

40^" 
ItV 

41i" 
It'b" 

431" 
421"" 

40rV; 

41ft" 

li" 

43*" 

■43;i" 

40,^b" 

4l|" 
1  fV 

43|' 
'421"' 

39  J" 
IS" 

411" 
U" 

43i|" 
'42i"' 

40,Vj 

ItV 

41i|" 

Pipe  subjected  to  hydrostatic  pressure  of  150  lbs.  per  square  inch.    No  leaks  found. 
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Test  No.  8,  4:2-In.  Pipe,  No.  6  Plate,  B.  W.  Q.— (Continued). 


Pipe  in  place,  unloaded. 
Box  filled    with    sand. 

weight.     36  000     lbs. 

placed  on  top  of  pipe. 

Sides  unsupported. . . 
After  standing  40  hours 

Compression 

Pipe  unloaded j 

Expansion 

Apparent  set 


Small 

5  Ft. 

j 

FROM 

Plate  End. 

1        End. 

Vert. 

Hor. 

Vert. 

Hor. 

41tV' 

42i" 

41.V' 

42i" 

•s8\r 

443" 

'  38fj," 

45J" 

m-r 

44fr' 

SVfS- 

45i" 

2f 

3V 

41  iV 

42,-V 

411%" 

4aTV 

2A- 

3J" 

1" 

i" 

' 

Center. 


Vert.    Hor. 


41H 


37A' 

37i" 
4A' 

41^' 
3^' 


45^" 


5  Ft.  from 
End. 


Vert.   Hor 


41i" 


87H' 
36,V 
4^4' 
41" 

4A' 


42i" 

46|" 
461" 

'42ii' 


Large 
Plate  End. 


Vert.   Hor. 


37i" 

373" 

4i" 

4U' 


4ir'     42H" 


46i" 
46iV' 

42i§" 


Test  No. 

3. 

42^" 

41tV' 

42^" 

41.V' 

42|" 

41" 

42il" 

41i" 

42i, 

43'     1 

40i" 

43" 

403 

43tV' 

40i" 

431"! 

4011" 

43i' 

43i  '  ! 

40i" 

43A" 

1|:: 

43i" 

40" 
1" 

43/5" 

40}i" 

43J 

4i4" 

41A" 

42^" 

«r 

42|" 

41" 
1" 

423" 

1 

41A" 

42i 

Pipe  in  place,  unloaded.    41-^" 
Sand    tamped    around 

pipe  5i  ft.  deep  on  top   40}J" 
Sand    saturated    with 

water |  40i''b  " 

Compression 1      J" 

Pipe  unloaded 41  jV' 

Expansion i" 


Pipe  subjected  tp  hydrostatic  pressure  of  150  lbs.  per  square  inch.    No  leaks  found. 


Test  No.  10. 


Pipe     in     place, 
loaded 

Estimated  weights  ap- 
plied by  means  of 
jack  screws  at  points 
1.  2and3 

Pipe  then  measured 

Compression 

Pipe  unloaded  after  24 
hours 

Expansion 

Apparent  set 


41  i" 

42.V'| 

41i" 

421" 

4U" 

42A" 

41" 

1 
421" 

13  390 
331^" 
8A" 

lbs. 
48f' 

14  190 
32\r 

8H" 

lbs. 

481S" 

15  170 

If 

lbs 

49M" 

333" 
7i" 

481"  1 

38a;; 

45A'- 

381" 

w 

45i- 

38Jt" 
6" 

45|" 

1#: 

45^" 

383" 

Iff 


42ir 


45i" 


Pipe  subjected  to  hydrostatic  pressure  of  150  lbs  per  square  inch.    No  leaks  found. 


After  removing    from 

hydrostatic  pressure. 

Permanent  set 


39^" 


39»" 

1  H" 
ilB 


44i" 


391" 

Ui" 


44^' 


39A" 
If" 


44J" 


39|" 
2" 


44i" 
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Meastjbements  of  42-In.  Pipe,  No.  6  Plate,  in  Trench. 


Station  1  330  +  20. 
+  30. 

+  40. 
+  50. 
+  60. 
+  70. 
+  80. 
+  90 
321  +00. 
+  10. 
+  20. 


Covered. 

Uncovered 

Vert. 

Hor. 

Vert. 

Hor. 

39f '     431"  ! 

40" 

44" 

40J"  ;  433"  ■ 

41" 

43*" 

39 f  t  43|" 

41i" 

42" 
42|" 

401"  1  43J-. 

4l|" 

39i"  !  44I" 

40J" 

43i" 

421" 

391"  !  43I" 

4l|" 

39|"  j  431" 

41  i" 

4l|" 

42|" 

40|"      43i"  : 

42J"    1 

39|"  1  44"     1 

41" 

43" 

40J"  1  43i"  1 

401" 

43i" 

39i" 

43I" 

401" 

43"      1 

Again 
Covered. 


Vert.  Hor. 


40" 
40^" 
41" 
411" 
40f 
41" 
41" 
4U" 
40|" 
40J" 
401" 


44" 
43i." 

423" 
42i" 
4" 
42J" 
421" 
42f" 
43|" 
431" 
4.3" 
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DISCUSSION. 


Bernakd  R.  Gkkex,  M.  Am.  Soc.  C.  E.  — Compression  of  a  riveted  Mr.  Green. 
pipe  under  the  filling  of  a  trencli  cannot  continue  beyond  a  certain 
degree,  provided  there  has  been  a  fair  amount  of  tamping  of  the  fill- 
ing beneath  and  beside  the  pipe.  Distortion  is  evidently  caused  by 
the  downward  settlement  of  the  earth  upon  the  ijipe,  which  must  be 
resisted  by  the  earth  at  the  sides.  The  deformation  will  naturally  be 
limited  by  the  amount  of  side  pressure  produced  by  the  side  tamping, 
and  if  this  be  sufficient — probably  very  difficult  to  accomplish — there 
will  be  no  yielding  laterally,  and,  consequently,  no  distortion  of  the 
pipe.  Even  neglecting  the  natural  arching  effect  in  the  settlement 
of  the  filling  in  a  trench,  the  side  tamping  might  without  much 
trouble  be  made  sufficient  to  preserve  the  pipe  from  serious  injury, 
although  not  quite  enough  to  save  it  from  some  deformation.  Hence 
it  is  unnecessary  to  grade  away  to  relieve  the  pressure  due  to  back- 
filling. 

O.  F.  Nichols,  M.  Am.  Soc.  C.  E. — It  appears  that  in  all  the  experi-  Mr.  Nichols, 
ments  noted  in  the  paper,  the  elasticity  of  the  metal  was  sufficient  to 
restore  the  pipes  nearly  or  quite  to  their  original  form  after  the  load 
was  removed.  In  one  of  the  tests,  in  which  the  distortion  had  been 
If  ins. ,  the  pipe  went  back  to  within  .j  in.  of  its  original  diameter,  and 
in  another  case,  where  the  distortion  was  over  8  ins. ,  the  permanent  set 
was  If  ins.  In  a  large  pipe  it  would  be  practicable  and  proper  to  use 
vertical  studding  and  retain  it  until  the  side-filling  was  tamped  and 
the  back-filling  in  place.  The  distance  between  the  struts  would  nat- 
urally dejjend  on  the  thickness  of  the  plate,  or  a  line  of  stringers 
along  the  top  of  the  pipe  might  be  iised  as  caps,  enabling  the  struts 
to  be  spaced  farther  ai3art.  When  the  filling  material  is  well  tamped 
4  or  5  ft.  deep,  and  of  a  character  to  arch  somewhat  in  the  trench,  the 
pressure  on  the  pipe  will  be  somewhat  less  than  that  obtained  by  a 
mass  of  sand  of  the  same  depth  confined  in  a  box  with  smooth  sides, 
which  allow  the  full  weight  to  come  directly  on  the  pipe.  In  this  re- 
spect the  tests  were  jjrobably  more  severe  than  the  conditions  in  an 
ordinary  trench  without  sheeting.  The  fact  that  the  thin  pipe  resumed 
its  original  shape  and  did  not  leak  after  these  tests  is  conclusive  proof 
that  it  can  be  used  without  jeopardizing  the  safety  of  the  conduit.  If 
the  pipe  is  thick  enough  to  withstand  handling  and  laying  without 
injury,  no  trouble  need  be  feared  when  it  is  in  use  under  pressure 
except  such  as  may  be  due  to  corrosion.  The  pipe  described  in  the 
paper  seems  to  be  made  of  very  thin  plates  when  the  danger  of  oxida- 
tion is  considered,  and  it  is  a  question  whether  a  riveted  pipe,  like 
cast-iron  pipe,  should  not  be  made  thicker  than  theoretical  require- 
ments call  for  in  order  to  make  provision  against  rusting. 
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Mr.  Nichols.  In  tamping  about  a  pipe  it  might  be  well  to  adopt  the  old  plan  of 
wetting  the  material  thoroughly.  The  success  of  this  method  of 
working  depends  somewhat  on  the  material,  being  possibly  greater 
with  sand  than  loamy  earth,  and  if  the  plan  is  not  prohibited  for  other 
reasons,  it  might  be  very  eflective  and  economical  where  an  abundant 
supply  of  water  is  available. 
Mr.  Goldmark.  Henky  Goldmakk,  M.  Am.  Soc.  C.  E. — If  a  pipe  shows  so  complete 
a  recovery  from  distortion  as  the  sections  which  were  tested,  it  needs 
little  reflection  to  show  that  damage  is  out  of  the  question.  The  back- 
filling below  the  lower  half  of  the  pipe  is  that  liable  to  cause  the  most 
trouble  and  is  the  most  difficult  to  inspect  thoroiighly.  The  trench 
is  made  as  narrow  as  possible,  and  it  is  almost  impossible  in  some 
cases  to  get  room  enough  to  do  proper  tami^ing  by  hand.  If  sand  or 
similar  material  free  from  lumps  were  always  available  for  use  in  all 
the  small  crevices  beneath  the  pipe,  there  would  be  less  trouble,  but 
with  the  poorer  material  which  must  often  be  employed,  tamping  be- 
comes more  difficult.  For  this  reason  some  studies  were  made  in  con- 
nection with  a  work  on  which  the  speaker  was  recently  engaged  to 
devise  a  machine  to  tamp  the  triangular  spaces  under  the  pipe,  close 
to  the  ground,  in  a  better  manner  than  ramming  by  hand  with  shovels 
or  small  tamps.  A  sort  of  linkage,  a  rather  heavy  frame  traveling  on 
top  of  the  pipe,  was  finally  built  and  used  with  some  success,  exi^eri- 
mentally,  although  it  might  have  proved  more  expensive  in  regular 
service  than  the  old  method  of  work.  By  the  time  the  draftsman  had 
planned  a  complete  apparatus,  the  contractor  had  succeeded  in  back- 
filling almost  the  entii-e  trench,  so  that  it  did  not  have  a  trial.  Still, 
it  is  probable  that  a  tamping  machine  operated  by  compressed  air,  or 
some  other  means  usually  at  hand  where  such  pipes  have  to  be 
riveted,  might  be  devised  by  which  the  material  below  the  bottom 
third  of  the  pipe  could  be  rammed  more  satisfactorily  than  it  is  ever 
done  by  hand.  Deformation  is  almost  invariably  accompanied  by  an 
increase  in  the  horizontal  diameter  of  the  pipe,  and  if  this  increase  is 
rendered  impossible  by  heavy  ramming,  there  will  probably  be  no 
distortion  of  the  pipe. 
Mr.  Tuttle.  A.  S.  TuTTLE,  Assoc.  M.  Am.  Soc.  C.  E. — That  precautious  against 
excessive  deformation  or  even  total  collapse  of  steel  pipe  siibjected  to 
external  pressure  have  often  been  taken  is  shown  by  the  stipulations 
requiring  the  attachment  of  stifi"eniug  rings  around  the  outside  of  the 
pipe  at  points  where  unusual  weights  are  to  be  supported,  which  are 
found  in  the  specifications  for  the  38-in.  steel  pipe,  i  to  i|  in.  thick, 
for  Eochester;  the  48-in.  steel  pipe,  re  in.  thick,  for  New  Bedford;  the 
60-in.  steel  pipe,  ^  in.  thick,  for  Allegheny;  and  the  60-in.  and  66-in. 
steel  pipe,  vs  to  ^  in.  thick,  for  Brooklyn. 

In  the  latter  city  two  rings,  of  4  x  4  x  f-in.  steel  angles,  weighing 
15.7  lbs.  per  foot,  will  be  required  per  plate  (78-in.)  throughout  the 
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right  of  way  of  all  road  crossings,  and  wherever  the  fill  over  the  top  Mr.  Tuttie. 
of  the  pipe  exceeds  6  ft. 

The  effect  of  external  load  is  liable  to  be  fiirther  increased  in  a 
steel  pipe  operated  under  pressure,  by  the  possible  existence  of  a  partial 
vacuum,  caused  either  by  improiserly  opening  a  blow-off  or  by  rupture 
of  the  pipe.  The  tests  made  by  the  author  are  of  great  interest  in 
exhibiting  the  ability  of  the  pipe  to  sustain  external  jsressures  without 
leakage,  and  particularly  after  such  excessive  distortion  as  was  ob- 
tained in  the  test  described  as  No.  10.  It  is  to  be  regretted  that  the 
position  of  the  seams  is  not  stated. 

Clemens  Hekschel,  M.  Am.  Soc.  C.  E. — The  behavior  of  riveted  Mr.  Hprschel. 
pipe  when  subjected  to  back-filling  is  no  new  thing,  for  it  has  been 
under  observation  for  forty  or  fifty  years  in  mill  practice,  and  Avith 
pipes  up  to  12  ft.  in  diameter.  These  ai'e  put  in  the  trench,  tempo- 
rarily braced  with  joists  on  the  inside,  and  after  the  earth  is  once  filled 
around  them  no  one  ever  thinks  anything  more  about  their  becoming- 
distorted  or  bending,  although  pipes  of  so  large  a  diameter  with  metal 
only  f  in.  thick  appear  very  limber  above  ground.  Riveted  jiipe  will 
endure  treatment  that  few  would  consider  it  capable  of  withstanding. 
In  long  lengths  it  is  very  flexible,  while  yet  remaining  tight.  Take, 
for  example,  a  lead  pencil.  It  is  stiff  in  short  pieces,  and  apparently 
cannot  be  bent  at  all  without  breaking.  But  a  pencil  20  ft.  long 
could  be  bent  into  a  hoop  without  difficulty.  It  is  the  same  with 
a  riveted  pipe.  Such  a  pipe  4  ft.  in  diameter,  though  stiff  in  short 
lengths,  can  be  bent  to  a  radius  of  1  200  or  1  500  ft.  and  remain  joer- 
fectly  tight.  In  laying  seven  lines  of  16-in.  lap-welded  pipe  under  the 
river  at  Belleville,  N.  J. ,  advantage  was  taken  of  this  fact.  A  trench 
was  dredged  in  the  bed  of  the  river  and  the  pipes  were  pulled  across 
on  the  bed,  being  tested  by  comisressed  air  as  they  were  hauled  over. 
The  first  line  Avas  not  completed  until  two  accidents  had  occurred, 
owing  to  the  fact  that  the  ditch  had  not  been  graded  to  a  suitable 
radius  where  it  left  the  shore  and  went  under  water.  But  after  these 
two  unsuccessful  attempts,  no  further  trouble  was  experienced,  and 
in  this  manner  seven  lines  of  pipe  were  laid  without  interfering  with 
passing  vessels,  which  would  have  made  any  other  plan  difficult  of 
execution. 

Reinforcement  rings  have  not  been  used  to  any  gi'eat  extent  on  the 
speaker's  work,  for  it  was  found  difficult  to  keep  them  water-tight 
around  the  rivet  holes  that  fasten  them  to  the  main  pijae.  A  better 
method  of  giving  the  desired  strength  at  load  points,  in  the  speaker's 
opinion,  is  to  encase  the  pipe  in  concrete,  and,  if  necessary,  to  put 
rails  or  beams  over  the  pipe  in  the  concrete. 
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CORRESPONDENCE. 


Mr.  Busii.  H.  D.  Bush,  M.  Am.  Soc.  C.  E. — The  jDaper  seems  to  call  for  dis- 
cussion by  the  writer,  who  was  engineer  and  superintendent  on  the 
Bull  Run  pipe  line  for  the  contractors  who  did  not  properly  tamp  the 
earth  around  the  pipe  when  the  back-filling  of  the  trench  was  being 
done.  In  January,  1894,  the  wi'iter,  in  going  through  the  pipe  in 
company  with  an  employee,  noticed  the  flattening  of  a  section  of  42-in. 
pipe  of  No.  6  B.  W.  G.  thickness  in  a  trench  lOi  ft.  deep.  This  was 
reported  to  the  chief  engineer  by  the  writer.  The  discovery  was  made 
on  that  portion  of  the  line  where  the  whole  right-of-way  road  was 
graded  to  reduce  the  cut  to  10^  ft. ,  so  that  the  pipe  covering  would 
not  exceed  the  maximum  depth  of  7  ft.  The  writer  knows  of  no 
places  in  the  35-in.  pipe  where  the  flattening  was  noticeable  to  the 
eye.  If  any  flattening  was  discovered  by  careful  measurement,  it  was 
no  indication  of  careless  tamping  of  the  earth  around  the  pipe.  The 
tamping  in  1893.  as  in  1894,  was  done  to  the  satisfaction  of  the  assistant 
engineers  and  inspectors  emi^loyed  to  look  after  it.  The  facts  are  as 
follows : 

The  excessive  flattening  of  the  42-in.  No.  6  pipe  occurred  in  a 
trench  10^  ft.  deep,  the  bottom  of  which  was,  as  stated  by  the  author, 
12  to  16  ft.  below  the  original  surface  of  the  ground.  Neighboring 
farmers'  wells  were  only  8  to  10  ft.  deep,  and  there  was  an  immense 
volume  of  water  in  this  portion  of  the  trench.  The  work  was  done 
during  the  almost  incessant  rain  of  an  Oregon  winter,  and  the  material 
with  which  the  trench  was  refilled  was  almost  slush.  Even  the  dryest 
material  would  have  soon  become  saturated  with  water  and  partly 
washed  away  from  under  the  pipe  in  this  location. 

The  35-in.  pipe  put  down  in  1893  was  through  a  rough  country, 
the  line  crossing  many  small  water-courses,  and  having  short,  com- 
paratively steep  grades.  The  heavy  rains,  soaking  through  the 
ground,  naturally  ran  down  these  grades  under  the  pipe,  loosening, 
and  to  some  extent  washing  away,  the  filling  around  them. 

On  some  portions  of  the  line  put  down  in  1894,  wooden  drain  boxes, 
4x4  ins.  inside  section,  made  of  two  1  x  4-in.  and  two  1  x  6-in. 
boards,  were  placed  in  the  bottom  of  the  trench  below  the  level  of  the 
bottom  of  the  pipe,  at  the  suggestion  of  the  writer.  These  boxes  ran 
from  joint  hole  to  joint  hole,  and  the  joint  holes  below  the  pipe  were 
filled  with  broken  stone.  While  these  boxes  helped  the  contractors 
during  construction,  the  chief  engineer  believed,  with  the  writer,  that 
they  would  serve  to  carry  away  the  water  which  would  otherwise  run 
along  the  piise  and  gradually  undermine  it. 
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The  controversy  concerning  the  tamping  of  the  earth  around  and  Mr.  Bush, 
over  the  pipe  was  a  serious  matter  to  the  contractors.  The  specifica- 
tions called  for  tamping  in  6-in.  layers  below  the  top  of  pipe,  as  stated 
by  the  author.  Above  this  level,  a  sejiarate  clause  in  the  sjaecifica- 
tious  called  for  careful  tamping,  and  said  nothing  about  layers  of  any 
thickness.  The  meaning  clearly  was  that  less  care  need  be  taken  with 
the  tamping  above  the  pipe  than  below  and  around  it.  On  that  por- 
tion of  the  line  finished  during  the  summer  of  1893,  the  upper  portion 
of  the  trench,  after  the  pipe  had  aboxit  1  ft.  of  earth  on  it,  was  refilled 
with  teams  and  drag  scrapers.  The  runways  coming  down  into  the 
trench  were  30  to  40  ft.  apart,  and  the  passing  of  a  team  of  horses, 
scraper  and  driver  from  seven  to  ten  times  over  the  earth  already  in 
place,  for  each  cubic  yard  refilled,  furnished,  to  the  writer's  mind,  the 
best  kind  of  tamping. 

When  work  began  in  1894,  the  engineers,  who  had  allowed  refilling 
by  scrapers  in  1893,  said  it  must  be  done  by  hand  with  one  tamper 
to  each  two  shovelers  for  the  upper  portion  of  the  trench.  Afterwards, 
one  tamper  to  three  shovelers  was  the  ratio  permitted  for  the  iipjier 
l^ortion  of  trench,  and  the  work  generally  cost  considerably  more 
than  the  9  cents  a  yard  for  the  whole  amount  of  excavation  (a  certain 
surplus  was  never  refilled),  as  stated  by  the  author.  The  work  could 
have  been  done  for  less  money  with  teams  and  scrapers,  and  the  writer 
believes  that  the  tamping  would  have  been  miich  better  than  that  done 
with  the  light  wooden  tamj^ing  sticks  used  and  permitted  by  the  engi- 
neers in  charge  of  the  work. 

The  excuse  given  for  not  allowing  the  use  of  horses  was  that  the 
weight  of  the  team  over  the  pipe  would  injure  it,  though  experiments 
made  by  the  writer  failed  to  show  any  change  in  the  vertical  diameter 
of  the  pipe  when  teams  were  driven  over  it  after  the  earth  had  been 
refilled  and  tamped  in  the  usual  way  to  a  level  of  a  foot  or  less  over 
the  top  of  the  pipe.  The  absurdity  of  this  excuse  may  be  seen  from 
Test  5,  on  a  pipe  of  the  largest  diameter,  42  ins.,  and  thinnest 
plate,  No.  6.  This  pipe  was  loaded  with  a  weight  of  420  lbs.  per 
square  foot,  or  1  470  lbs.  per  linear  foot,  with  an  average  depres- 
sion of  ^  in.  and  no  permanent  set.  Moreover,  the  portion  of  the 
line  on  which  the  contractors  wished  most  to  use  horses  for  refill- 
ing the  upper  portion  of  the  ti'ench  was  on  a  stretch  of  about  six 
miles  of  33-in.  pipe.  This  pipe,  according  to  Test  1,  showed  practi- 
cally no  deflection  under  a  load  of  460  lbs.  per  square  foot  after  forty 
hours. 

The  paper  is  of  value  in  showing  that  the  harsh  treatment  of  some 
of  the  jjipes  in  the  tests  jiroduced  no  leaks  in  the  shop  work.  If  every 
section  of  riveted  pipe  used  could  be  shop  tested  and  made  tight 
under  its  working  pressure,  and  afterwards  handled  with  ordinary 
care,  the  worst  trouble  in  handling  such  pipe  in  the  field  could  be 
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Mr.  Bush,  avoided.  On  the  Bull  Run  pipe  line,  as  fast  as  the  pipe  was  laid,  the 
trench,  except  the  joint  holes,  was  refilled  and  tamjied  to  a  level  of 
about  1  ft.  over  the  top  of  the  pipe. 

On  the  Allegheny  60-in.  line,  on  which  the  writer  was  engaged  in 
1895,  and  on  the  48-in.  New  Bedford  Line,  which  he  laid  in  1897,  and 
generally  in  the  East,  the  practice  is  to  lay,  rivet,  caulk,  and  leave 
exposed  for  testing  a  length  of  about  2  000  ft.  of  pipe.  With  the  ex- 
tremes of  temperature  during  the  summer,  the  expansion  and  con- 
traction of  such  a  length  of  uncovered  pipe  is  considerable.  Moreover, 
the  top  of  the  pipe  gets  much  hotter  than  the  bottom  which  rests  on 
the  bottom  of  the  trench.  The  unequal  and  considerable  contraction 
and  expansion  makes  it  hard  to  get  good  riveting.  Holes  that  are 
good  in  the  morning  are  half  blind  in  the  afternoon,  and  vice  versa. 
When  riveted  pipes  are  at  once  covered  with  earth  as  fast  as  laid,  ex- 
cept at  the  joint  holes,  they  are  held  firmly  in  line,  and  at  a  compara- 
tively even  temperature.  Any  leak  in  shoj)  work  that  may  have  been 
ovei'looked  will  show  itself  in  the  joint  holes  when  the  whole  line  is 
tested.  If  the  shop  work  has  once  been  tight,  it  should  remain  so; 
and  the  author's  report  of  tests  made  in  Portland  may  give  additional 
assiirance  of  this  fact. 
Mr.  Searles.  W.  H.  Seakles,  M.  Am.  Soc.  C.  E. — The  experiments  upon  flexible 
pipe  detailed  in  this  paper  are  interesting  to  the  writer,  as  they  are 
along  the  line  of  investigations  Avhich  he  had  occasion  to  make  some 
three  years  ago.  Desiring  to  know  at  that  time  what  amount  of  depres- 
sion would  be  permissible  in  the  crown  of  a  certain  steel  pipe,  and 
what  load  would  produce  it,  the  pipe  being  not  yet  built,  he  made 
some  experiments  ujjon  flexible  rings,  and,  generalizing  upon  the 
results,  he  derived  certain  formulas  and  tables  applicable  to  any  case 
of  the  kind.  These  appeared  in  a  pai3er*  by  the  writer,  in  which  it 
was  shown  that,  in  the  case  of  a  flexible  ring  in  a  vertical  i)lane,  loaded 
at  the  crown  and  unsupported  at  the  sides,  the  relation  of  the  vertical 
and  horizontal  diameters  to  each  other  under  varying  load  is  that  of 
the  co-ordinates  of  a  common  jjarabola,  the  axis  of  which  is  inclined 
to  the  horizontal  diameter  of  an  angle  of  42^  33'  38".  It  is  also  shown 
that  the  relation  between  the  amount  of  depression,  in  inches,  and  the 
load  producing  it,  drawn  to  an  assumed  scale  of  inches,  is  that  of  the 
coordinates  of  a  hyperbola,  whether  the  loads  are  positive  or  negative 
or  change  from  one  to  the  other.  The  same  paper  gives  the  jirincipal 
moments,  the  radii  of  curvature  at  the  principal  points,  and  also  the 
location  of  the  point  of  no  moment  on  the  ring  at  any  stage  of  distor- 
tion. The  tables  give  a  series  of  values  of  all  these  qualities  for  a 
typical  ring  or  section  of  pipe  in  which  the  mean  radius  is  unity,  and 
the  product  of  El  also  unity;  so  that  for  a  pipe  of  any  other  radius 
and  value  of  EI,  the  desired  results  are  to  be  obtained  therefrom  by 
*  See  t\ie  Journal  of  the  Association  of  Engineering  Societies,  Vol.  xv.  p.  124. 
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simiJle    multijilication.      The    letter    E   represents    the  modulus  of  Mr.  Searles. 
elasticity  of  the  material,  and  /  the  moment  of  inertia,  not  of  the 
annular  section,  but  of  a  longitudinal  section  through  one  side  of  the 
pipe. 

The  following  is  a  specimen  of  one  table  in  compression,  by  which 
some  of  the  author's  tests  may  be  investigated:  JF  is  the  crown 
depression  or  the  shortening  of  the  radius,  and  in  terms  of  radius; 
J  X  is  the  side  extension  of  one  side  in  terms  of  R;  K  is  the  half 
load  in  jDOunds,  for  R  =  l  and  £J  I  =  1;  A  B  are  the  bending  moments  • 
at  the  side  and  top;  i?„  i?^  are  the  radii  of  curvature  in  terms  of  the 
radius  R. 


TABLE. 


AY 

K 

AX 

A 

B 

Ra 

Rb 

_ 

+ 

-\- 

+ 

a. 

+ 

+ 

.00 

.0 

.0 

.0 

.0 

1 

1 

.01 

.06607 

.00910 

.02423 

.04244 

.97639 

1.04433 

.02 

.12998 

.01803 

.04808 

.08424 

.95412 

1.09199 

.03 

.19187 

.02679 

.07159 

.12542 

.93319 

1.14341 

.04 

.25190 

.03539 

.09477 

.16604 

.91343 

1.19909 

.05 

.31017 

.04383 

.11765 

.20012 

.89473 

1.25963 

Having  ascertained  R,  E  and  /  in  any  case,  the  half-load  P  at  the 
crown  is  found  by 


To  find  the  principal  moments  multiply  A  and  B  of  the  table  by 
EI 
~W 

To  find  the  radius  of  curvature,  multiply  R,^  or  R,^  of  the  table  by 
the  original  mean  radius  R. 

The  depressions  in  Test  la,  the  first  one  made  with  a  concentrated 
load,  may  be  comjiuted  as  follows:  The  average  internal  diameter  of 
this  specimen  was  41.874,  half  of  which,  plus  one  thickness  of  No.  6 
plate,  0.203,  is  the  mean  radius,  R  =  21.14.  The  load  per  lineal  foot 
is  found  to  be  164.10  lbs. ;  and  for  1  ft.  in  length  the  moment  of  iner- 

tia  /  =  -^  --=(1^=^  (0.203)'' =  0.0083654. 

Assuming  ^  =  30  000  000, 

^  =  ^=^•^^^12. 


110        CORRESPONDENCE   OX    DISTORTION    OF    RIYETED    PIPE. 

Mr.  Searles.  Referring  to  the  table,  it  will  be  seen  that  the  corre- 
sponding value  of  J  Fmust  be  between  0.01  and  0.02, 
and  by  interpolation  z/  F=  .01182.     Multiplying  by 

2  R  gives  the  compression  of  diameter 0.50    in. 

The  test  gives  for  first  load  of  4  800  lbs 0.625  " 

Difference — 0. 125  in. 

Finding  J  X  by  interpolation,  the  extension  of  diameter 

is .' 0.458  in. 

The  test  gives 0.438  " 

Difference +0.020  in. 

In  Test  Ih,  with  a  load  of  17  000  lbs. : 

Load  per  lineal  foot 2P=  581.20  lbs. 

By  formula i^  =  0.2590  " 

By  interpolation J  F=  0.0412 

Depression  of  diameter 1.743    ins. 

Test 1.438     " 

Difference +     0.305  in. 

Extension  of  diameter 1.540  ins. 

Test 1.375  " 

Difference +     0.165  in. 

In  Test  8  the  pipe  was  measured  just  after  loading  and  again  forty 
hours  later;  considering  these  as  two  tests  8a  and  86,  with  a  load  per 
lineal  foot  of  1  230.74  lbs.,  ^=0.5484  ;  J  Y  =  0.0940. 

a.  Compression,  3.976;  Test,  3.545;  difference,  +  0.431 

b.  "  3.976;      "      3.900;  "  —0.076 

a.  Extension,        3.769;       "       3.625;  "  +  0.144 

b.  "  3.769;      "       3.660;  "  +0.109 
In  Test  10— 

Load  per  lineal  foot,  1  461.54  lbs. 

^=0.65127;  J  F  =  0.1157. 

Comp.  diam.,  4.8941;  Test,  8.3125;  difference-  3.4184. 

Extension,       4.049;       "       6.600;  "         —  2.551. 

The  wide  divergence  in  this  case  indicates  that  the  metal  is  strained 
beyond  its  elastic  limit,  and  this  may  be  easily  proved.  The  formula 
for  extreme  fiber  stress  at  the  crown  is — 

B  E  d 
in  which  B  is  taken  from  the  table,  </  is  the  thickness  of  metal,  and  K 
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is  the  original  mean  radius.     For  the  present  value  of  J  F=  0.1157,  Mr.  Searles. 
B  =  0.4561  and  <l  =  0.203;  hence  the  fiber  strain  p  =  65  666  lbs. 

In  the  Test  7a,     p=    1  222  lbs. 
"     lb,    ^^  =  24  604    " 
"     8,      p  =  54  255    " 

As  in  Test  8  the  discrepancies  between  theory  and  experiment  are 
small,  the  conchision  is  that  a  fiber  stress  of  50  000  lbs.  at  the  crown 
is  not  inconsistent  with  safety;  the  fiber  stress  at  the  side  never  ex- 
ceeds 60/^  of  that  at  the  crown,  and  between  the  two  points  there  is  a 
point  where  the  bending  moment  is  zero. 

The  differences  shown  are  not  as  small  as  might  be  desired,  but  it 
will  be  noticed  that  they  are  less  than  the  diflference  in  measured  com- 
pressions at  different  points  of  the  same  pipe  under  the  same  loading. 
Moreover,  in  the  several  tests  some  differences  are  jjIus  and  some 
minus,  so  that  on  the  whole  the  average  agreement  is  quite  close. 

The  relative  effects  of  concentrated  or  crown  loading  and  uniform 
loading  have  not  been  investigated.  With  distributed  load  the  sides 
of  the  pipe  receive  some  suj^port  and  so  modify  the  conditions.  Com- 
paring Test  9  with  the  first  loading  in  Test  7,  it  will  be  seen  that  the 
average  depression  was  the  same,  viz.,  Jin.,  while  the  concentrated 
load  was  about  70^^  of  the  uniform  load.  This  is  a  little  larger  than 
the  five-eighths,  or  &l\%  recognized  as  correct  in  the  case  of  beams, 
whereas  it  would  seem  as  though  the  truth  would  be  nearer  bO%,  ow- 
ing to  the  side  support  obtained,  not  to  mention  the  relief  of  weight 
afforded  by  the  friction  of  the  sides  of  the  ditch  above  the  jjipe.  When 
the  back-filling  is  thoroughly  tamped,  the  load  may  be  limited  by  the 
arching  of  the  material,  and  so  kept  within  safe  limits,  however  deep 
the  trench  may  be. 

To  cite  another  instance,  a  cast-iron  culvert  6  ft.  in  diameter  was 
built  in  the  city  of  Cleveland  and  covered  with  an  embankment  of 
earth  from  60  to  70  ft.  high.  The  castings  were  1.9  ins.  thick.  The 
pipe  was  laid  in  a  bed  of  concrete  9  ft.  wide,  and  carried  up  on  each 
side  of  the  pipe  to  the  level  of  the  center,  where  it  was  9  ins.  thick 
each  side.  The  embankment  was  made  in  layers,  the  first  of  which 
are  supisosed  to  have  been  tamped.  Some  time  after  the  work  was 
finished,  four  contiguous  lengths  of  pipe,  32  ft.  in  all,  were  found  to 
be  cracked  longitudinally  top  and  bottom,  and  the  difference  in  verti- 
cal and  horizontal  diameters  amounted  to  4  ins.  * 

The  investigation  of  this  case  would  be  as  follows:  For  cast-iron 
take  rupture  by  tension  at  16  000  lbs.  =  p,  and  ^  =  16  000  000.  The 
mean  radius  R  =  36.95  ;  d  =  1.90  ;  /=  ci''  =  6.895  for  a  length  of 
1ft. 

*  The  details  are  more  particularly  described  by  W.  P.  Rice,  M.  Am.  Soc.  C.  E.,  in  a 
paper  in  the  Journal  of  the  Association  of  Engineering  Societies,  Vol.  xvl,  p.  79. 
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Mr.  Searles.        Under  condition   of  incipient  rupture  at  the  crown,  the   tabular 
moment  is — 

j^  ^P      2_^  ^  0.0389. 

Hence  by  the  table  J  F  =  0.00917  and  K  =  0.06059.     Then 
p  =   ^  ^  ,  ^    =  9  740.7  lbs. 

Tl' 

2  P  =  19  481.4     =  breaking  crown  load  per  linear  foot. 

4  P  =  38  963        =  distributed  breaking  load  per  linear  foot. 

The  pipe  being  6.33  ft.  wide  outside,  the  breaking  load  per  square 
foot  would  be  6 155  lbs. ;  and  taking  the  weight  of  earth  at  110  lbs.  per 
cubic  foot,  the  height  of  the  prism  above  pipe  would  be  56  ft.  Adding 
6  ft.  for  the  diameter  of  the  pipe  it  appears  that  the  weight  of  an  em- 
bankment 62  ft.  high  would  be  sufiicient  to  rupture  the  pipe.  The 
assumption  of  vertical  sides  or  slopes  for  the  earth  prism  is  a  com- 
promise between  the  slopes  of  a  new  embankment  which  would  diverge 
upward  from  the  pipe,  and  those  of  an  old  settled  bank  which  would 
converge  ui^ward. 

The  tabular  depression  of  the  crown,  0.00917,  multiplied  by  2  i?, 
gives  0.67  in.  as  the  compression  of  the  vertical  diameter,  and  since 
the  extension  of  the  horizontal  diameter  would  be  about  the  same,  the 
difference  of  diameters  would  be  1.34  ins.  at  the  point  of  incipient 
rupture.  As  the  measured  difference  was  4  ins. ,  the  parts  must  have 
settled  after  rupture.  As  the  crack  exists  at  the  bottom  as  well  as  the 
top,  it  is  evident  that  the  concrete  failed  as  an  abutment,  and  it  is 
probable  that  the  pipe  developed  outside  cracks  at  the  sides,  which, 
however,  did  not  show  internally,  owing  to  the  great  pressure. 

As  only  32  ft.  of  the  pipe  cracked  out  of  several  hundred  in  the 
total  length,  the  inference  is  that  the  actual  load  was  not  greatly  in 
excess  of  the  breaking  load.  The  same  inference  would  be  drawn 
from  the  depth  of  62  ft.  computed  above,  comjsared  with  the  actual 
depth,  which  was  less  than  70  ft. 
Mr.  Clarke.  D.  D.  Clakke,  M.  Am.  Soc.  C.  E. — It  was  not  the  purpose  of  the 
author  to  introduce  into  his  paper  any  discussion  of  the  relations, 
harmonioiis  or  otherwise,  which  sometimes  exist  between  engineers 
and  contractors,  and  he  regrets  that  any  allusion  has  been  made  to 
such  matters.  He  has  not  disclaimed  a  measure  of  responsibility  for 
the  condition  of  affairs  leading  to  the  undertaking  of  the  tests  de- 
scribed, and  he  has  no  doubt  but  that  all  the  engineers  and  contractors 
participating  have  profited  somewhat  by  the  experience. 

The  correction  offered  by  Mr.  Bush,  that  the  distortion  was  first 
noticed  on  the  42-in.  pipe,  is  accepted.  The  author  feels  confident, 
however,  that  the  contractors  did  also  discover  a  flattening  of  the  35-in. 
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pipe  at  about  the  same  time.  If  not,  tben  his  notes  of  a  conversation  Mr.  Clarke, 
with  the  contractors'  engineer  and  siiperintendent,  hekl  January  18th, 
1891,  and  recorded  on  the  evening  of  that  day,  and  also  his  report  of 
the  matter  to  the  chief  engineer,  dated  the  following  day,  are  both  in 
error.  Whether  this  flattening  was  noticeable  to  the  eye  or  not,  the 
author  has  no  means  of  knowing;  but,  be  that  as  it  may,  the  engineers 
lost  no  time  in  acting  upon  the  hints  received,  and  further  investiga- 
tions were  promptly  made  independent  of  the  examinations  made  by 
the  contractors. 

Mr.  Bush  describes  one  point  where  the  42-in.  pipe  was  excessively 
flattened.  Another  point  was  4  miles  distant  from  the  first,  and 
near  the  summit  of  a  gravelly,  rocky  ridge  where  the  trench  was  from 
7  to  11  ft.  deep.  This  pijje  was  laid  during  the  months  of  September 
and  October,  1893,  when  the  ground  was  perfectly  dry  and  no  water 
could  collect  in  the  trench,  and  yet,  when  examined,  the  pipe  was  found 
to  be  flattened  from  ^  in.  to  3^  ins.  The  difficulty  at  both  places  de- 
scribed, as  well  as  at  other  points  examined,  was  that  the  earth  at  the 
sides,  and  below  the  top  of  the  pipe,  had  not  been  made  sufficiently 
compact.  Unless  this  is  done  first  of  all,  the  use  of  tamping  bars,  or 
even  horses  and  drag  scrapers,  in  the  tojj  of  the  trench  will  be  of  little 
avail. 

As  an  illustration  of  two  methods  of  doing  the  same  work,  the  author 
desires  to  call  attention  to  his  notes  of  the  section  of  42-in.  pipe  un- 
covered at  stations  1320  +  20  to  1321  -|-  20.  This  point  is  also  on  high 
ground,  with  no  chance  for  water  to  accumulate  in  the  trench.  The 
pipe  was  laid  near  the  end  of  September,  1893,  before  any  rain  had 
fallen.  When  the  pipe  was  uncovered  in  January,  1894,  the  earth 
around  it  was  found  to  be  very  loose,  w^ith  little  under  the  bottom, 
between  center  and  quarter.  At  the  joint  holes  an  open  space  was 
found  4  ft.  X  I3  ft.,  at  the  center  of  which  the  earth  had  not  been  filled 
to  within  6  ins.  of  the  bottom  of  the  pipe.  As  stated  in  the  notes,  the 
measurements  first  taken  showed  a  compression  ranging  between 
If  ins.  and  2|  ins.  Upon  being  uncovered  the  pipe  expanded  verti- 
cally from  i  in.  to  If  ins.,  but  still  it  did  not  quite  regain  its  original 
dimensions.  These  measurements  indicate  a  jiermanent  set  in  the  pipe 
of  between  f  in.  and  1  in. ,  caused  by  the  load  which  it  had  then  car- 
ried continuously  for  eight  months.  The  process  of  filling  the  trench 
the  second  time,  carried  on  in  comijliance  with  the  specifications, 
which  required  the  earth  below  the  top  of  the  pipe  to  be  tamped  in 
6-in.  layers,  only  caused  a  further  flattening  of  the  top  of  i  in.,  a  result 
most  suiqjrising  to  those  who  had  l)een  accustomed  to  the  ordinary 
method  of  doing  such  work.  Evidently,  if  the  engineers  and  contract- 
ors had  made  a  united  effort  to  secure  a  strict  compliance  with  the 
specifications,  no  occasion  would  have  arisen  for  these  notes  and  the 
tests  they  describe. 
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Mr.  Clarke.  Mr.  Tuttle  calls  attention  to  an  omission  which  is  gladly  supplied. 
The  pipe  sections  were  made  with  the  straight  seams  alternating  to 
right  and  left  not  more  than  6  ins.  from  a  line  along  the  axis  of  the 
pipe.  They  were  laid  in  the  trench  with  the  straight  seams  on  top,  and 
in  the  tests  described  they  were  similarly  placed. 
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VALUATION  OF  V^ATER-WORKS  PROPERTY. 


By  Wynkoop  Kieksted,  M.  Am.  Soc.  C.  E. 
Pkesented  Apriij  21sr,  1897. 


WITH  DISCUSSION. 


The  question  of  determining  the  value  of  water-works  j^roperty 
is  one  of  much  significance  in  view  of  the  approaching  exjiiration 
of  many  water-works  franchises.  It  involves  the  probable  jDurchase 
of  the  property  by  the  city  or  the  renewal  of  the  contract  with 
the  private  water  comjiany  for  another  term  of  years.  It  is  a 
question  which  engineers  are  called  upon  to  consider  in  all  its  practi- 
cal bearings,  and  therefore  becomes  a  proper  question  of  discussion 
among  them. 

Briefly,  the  situation  is  this :  Many  cities  have  granted  to  private 
water  companies  franchises  to  construct,  operate  and  maintain  systems 
of  water-works  for  a  specified  term  of  years.  The  duration  of  the 
franchise  in  most  recorded  instances  is  from  twenty  to  thirty  years, 
occasionally  for  fifty  years,  and  in  a  few  other  instances,  for  ninety- 
nine  years,  or  is  a  perpetual  franchise.  It  is  recorded  of  some  fran- 
chise ordinances  that  no  time  is  fixed  for  the  jjurchase  of  the  property 
by  the  city,  of  others  that  the  property  may  be  purchased  at  any  time 
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or  at  fixed  intervals.  A  few  ordinances  may  specifically  name  a 
price  to  be  paid  for  the  property  or  may  state  tliat  the  cost  of  the 
plant  or  i^roperty  is  to  be  the  basis  of  purchase  ;  but  in  many,  if 
not  most,  instances  the  ordinance  defines  the  purchase-price  to  be 
the  value  of  the  projierty  as  determined  by  disinterested  appraisers 
or  arbitrators,  and  defines  in  a  general  way  the  method  of  apj^raise- 
ment.  The  terms  of  the  franchise  ordinance  may  name  certain  rates 
to  be  charged  consumers  of  water  and  make  them  subject  to  modifi- 
cation from  time  to  time ;  or  they  may  fix  a  schedule  of  rates  which 
shall  not  be  exceeded;  or  they  may  leave  the  rates  altogether  un- 
regulated. 

Years  roll  by.  The  franchise  and  attendant  contract  are  about 
to  expire.  The  city  contemjilates  a  purchase  of  the  property,  or 
the  private  water  company  must  have  a  new  franchise  if  it  is  to 
continue  to  maintain  and  operate  the  water-works  plant.  In  the 
event  of  a  pui'chase  by  the  city,  the  company  and  the  city  must 
agree  upon  the  value  of  the  plant,  if  this  valne  be  not  already 
fixed  by  the  terms  of  the  franchise  ordinance.  The  method  of  ap- 
praising the  value  as  defined  in  the  franchise  ordinance  may  or  may 
not  work  satisfactorily.  That  depends  on  the  real  desires  of  either  or 
both  parties  to  the  contract  to  reach  an  agreement.  In  the  event  of  a 
disagreement  and  a  resulting  controversy,  a  third  party  may  intervene 
to  arbitrate  the  differences  and  to  fix  upon  a  value  of  the  property. 
If  the  decision  of  the  arbitrator  or  arbitrators  be  not  accepted  as  final, 
then  the  i^ower  of  the  court  may  be  invoked  to  determine  the  matter 
and  to  enforce,  if  necessary,  the  terms  of  its  decision. 

In  the  presentation  of  evidence  before  arbitrators,  commissioners 
or  courts,  the  engineer  is  often  called  in  as  an  expert  witness, 
and  sometimes  as  an  arbitrator  or  a  commissioner.  Upon  occasions 
of  this  kind  the  evidence  of  experts  relating  to  valuation  may  be 
more  or  less  conflicting,  because  of  the  nature  of  the  instructions 
from  their  respective  clients,  or  because  of  the  efforts  of  one  or  the 
other  of  the  contestants  to  strengthen  some  assumed  position  or  to 
prove  some  abstract  proposition  by  means  of  a  certain  line  of  testi- 
mony, or  because  of  the  i)ossession  of  incomplete  data  upon  which 
to  base  an  opinion,  or  yet  because  of  a  difference  in  concejition  on 
the  part  of  the  several  individuals  as  to  the  proper  basis  upon  which 
to  estimate  the  value  or  cost. 
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If  the  mere  question  of  cost  of  the  plant  be  involved,  a  bare  show- 
ing of  the  construction  and  maintenance  accounts  should  suffice  ;  but 
if  the  valiie  of  the  property  be  sought,  the  problem  becomes  different 
altogether.  The  cost  of  an  article  is  the  amount  actually  paid  for  it. 
The  cost  of  a  j^lant  is  the  amoiint  expended  in  constructing  it.  The 
cost  of  a  property  is  the  amount  ex^jended  in  constructing  and  estab- 
lishing it. 

Value  is  a  measure  of  utility,  or  the  amount  which  can  be  obtained 
in  exchange.  It  depends  upon  the  cost  of  production  and  the  relation 
between  supply  and  demand,  tending  to  become  fixed  when  the  cost 
of  production  is  constant,  or  when  the  supply  and  demand  are  equal; 
to  decrease  when  the  demand  is  less  than  the  supply,  and  to  increase 
when  the  suj^ply  is  less  than  the  demand.  If  the  production  of  an 
article  be  limited  and  a  general  and  constant  demand  for  it  exist,  there 
is  a  tendency  towards  a  constant  rise  in  value  which  eventually  con- 
fines the  sale  to  those  arts  or  industries  absolutely  requiring  the  use 
of  it  or  to  the  gratification  of  the  wants  of  those  who  can  afi'ord  it. 
With  a  supply  unrestricted  except  by  conditions  of  demand  and  with 
a  normal  demand,  the  market  price  of  an  article  may  progressively 
decline  as  the  result  of  imjiroved  facilities  of  manufacture  and  trans- 
portation. Thus  the  price  of  pig  iron  in  1878,  a  year  of  great  depres- 
sion, averaged  $15.73  per  net  ton.  During  the  boom  of  1880  it 
suddenly  rose  to  $36. 60  per  net  ton,  and  more  suddenly  fell  to  $20.50 
in  the  same  year,  after  which  the  price  remained  steady  at  .$21.43  and 
.$23.21  for  about  two  years,  and  then  gradually  declined  in  1883,  1884 
and  1885  to  $16  per  net  ton,  which  was  the  average  for  1885.  In  the 
exceedingly  active  year  for  the  ii-on  trade,  1886,  the  average  price  for 
the  year  was  only  $16.74.  This  reduced  price,  which  even  a  brisk 
trade  and  large  demand  for  iron  could  not  advance,  was  the  result  of 
improved  facilities  of  manufacture  and  transportation.  However,  the 
producer  received  his  legitimate  profit  through  sales  at  the  low  price 
just  as  he  did  at  the  high  price.  He  who  purchased  the  production 
of  pig  iron  for  some  specific  purpose,  as  for  use  in  a  water-works 
plant,  at  the  high  price  prevailing  in  1879  and  1880,  would  possess  a 
I^lant  which  cost  more  than  one  of  equal  magnitude  and  capacity 
constructed  in  1886,  and  still  more  than  one  constructed  in  1895  when 
the  price  of  pig  iron  was  about  .$9  per  net  ton.  Therefore  he  who 
built  a  water-works  in  former  years,  when  the  i^revailing  prices   of 
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material  were  liigli,  should  have  aimed  to  adjust  the  income  accru- 
ing from  the  ojjeratiou  of  the  plant  so  that  it  would  return  him, 
not  only  his  current  expenses  and  legitimate  profit,  but  an  amount 
of  money  representing  a  progressive  decrease  in  the  cost  of  con- 
structing a  similar  plant,  in  order  that  he  might  be  able  to  adjust 
water  rates  to  meet  the  competition  which  would  indirectly  result 
from  the  operation  of  similar  plants  constructed  in  the  same  locality 
in  later  years  under  more  advantageous  circumstances,  and  affording 
the  same  margin  of  profit  as  he  had  established.  Otherwise  he  might 
find  himself  oppressed  by  outside  influences,  or  forced  to  operate  the 
plant  at  a  personal  loss,  or  to  dispose  of  it  as  an  unprofitable  in- 
vestment at  a  price  controlled  more  or  less  by  the  current  jjrice  of 
materials,  instead  of  by  original  cost. 

It  is,  of  course,  imjjossible  to  anticipate  the  various  causes  and  com- 
plications which  may  serve  to  depreciate  the  material  value  or  earn- 
ing cajDacity  of  a  water-works,  or  the  extent  their  effects  may  be  off- 
set by  the  appreciating  effect  ujjon  the  value  of  such  a  property  of  a 
more  perfect  administration  and  more  economical  methods  of  deliver- 
ing a  suitable  water  supply  to  consumers  of  water.  Still  they  must 
be  anticipated  in  a  measure  to  insure  success,  with  due  consideration 
for  the  twofold  aspect  which  attaches  to  value  and  valuation.  For, 
on  the  one  hand,  the  value  of  a  water-works  property  to  an  investor  is 
dependent  upon  its  ability  to  prodiice  net  revenue,  and  upon  freedom 
from  interference  from  those  causes  which  may  influence  the  standard 
or  schedule  of  prices  upon  which  the  revenue  is  dependent.  Any 
change  in  the  schedule  of  w'ater  rates  or  in  the  fixed  rates  of  payment 
contracted  for,  as,  for  instance,  hydrant  rentals,  affects  the  amount 
of  revenue,  and,  proportionately,  the  value  of  the  plant.  On  the 
other  hand,  the  consumer,  individually  or  collectively,  receives 
and  pays  for,  not  only  water  from  the  jDipes  of  the  water-works, 
but  also  for  a  certain  amount  of  service  utilized  in  the  delivery  of 
the  water,  and  his  ideas  of  the  value  of  the  property  are  more  or 
less  colored,  and  projjerly  so,  by  the  character  of  the  service  and 
the  quality  of  the  water.  If  both  the  service  and  the  water  are  satis- 
factory, the  charges  for  the  water  service  are  subject  to  little  or  no 
objection  on  the  part  of  the  consumer  so  long  as  they  remain  fair 
and  indiscriminating,  thus  affording  a  stability  to  the  value  of  the 
proj^erty,  which  could  not  obtain  in   an  atmosj^here  of  contentious 
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and  antagonistic  public  sentiment  resulting  from  an  inefficient  water- 
service. 

There  is  also  an  element  of  risk  attaclied  to  the  building  up  of  a 
successful  water-works  property,  which  it  is  difficult  to  define  or  limit. 
The  possessor  of  a  water-works  franchise  expects  to  derive  some  pecun- 
iary advantage  from  the  operation  and  maintenance  of  a  water-works 
conducted  in  pursuance  of  the  terms  and  requirements  of  the  franchise. 
At  the  outset  he  cannot  anticij^ate  with  any  degree  of  precision  the 
direction  of  the  growth  or  the  magnitude  of  the  expansion  of  his  prop- 
erty. That  will  depend  very  much  upon  the  commercial  importance 
eventually  attained  by  the  city  in  which  he  exercises  his  franchise 
rights.  He  realizes  that  if  he  builds  at  the  outset  only  for  the  present, 
and  progressively  expands  the  plant  to  meet  a  growing  demand,  then 
eventually  the  plant  in  its  entirety  will  cost  more  money  than  would 
suffice  to  duplicate  it  in  a  single  process  of  construction.  He  also 
realizes,  on  the  other  hand,  that  speculations  as  to  future  requirements 
may  eventually  prove  erroneous,  and  that  investments  to  meet  a  future 
demand  must  be  supported  until  actually  demanded  by  such  expendi- 
tures as  may  become  necessary,  whether  the  reveniies  accruing  from 
the  operation  of  the  plant  be  or  be  not  available  for  that  jiurpose. 
Under  most  circumstances  the  business  jjolicy  governing  private  in- 
vestments which  are  attended  with  the  least  financial  risk,  particularly 
if  the  franchise  inviting  the  investment  be  restricted  to  a  comparatively 
short  term  of  years,  would  confine  the  investment  largely  to  the  actual 
requirements  of  the  case.  But  the  I'isk  does  not  end  here;  for  before 
the  franchise  shall  have  expired,  the  developments  of  a  city  and  its 
immediate  surroundings  may  create  a  new  set  of  conditions  whichmay 
compel,  as  they  sometimes  do,  the  selection  of  a  new  source  of  water 
supply  and  a  modification  of  the  plan  which  has  controlled  previous 
expenditures.  Enforced  changes  of  this  character  and  magnitude, 
wholly  unanticipated,  as  they  often  are,  entail  heavy  expenditures  with- 
out proportionately  increasing  revenues.  They  may  even  require  the 
abandonment  of  portions  of  existing  works,  and  are  usually  attended 
by  many  complications  and  incidental  expenses.  Such  a  hazard  as 
described  can  scarcely  be  avoided,  and  this  hazard,  together  with  the 
circumstances  under  which  it  is  assumed,  should  be  considered  in  con- 
nection with  the  process  of  valuing  a  water-works  property  in  its 
entirety. 
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The  early  eflfoi-ts  of  the  management  of  a  water-works  property  to 
induce  the  jjublic  or  the  indivitlual  to  exchange  the  "moss-covered 
bucket  "  for  the  faucet,  and  to  build  up  an  extensive  jjatronage  while 
rendering  efficient  service,  may  result  in  financial  loss  during  the  tirst 
few  years  of  existence.  Such  losses,  together  with  interest  paid  upon 
money  expended  during  the  interval  of  construction  of  the  works,  are 
considered  by  the  investor  as  a  part  of  his  invested  capital  and  an  item 
of  original  cost  of  construction.  Such  expenditures,  properly  made, 
might  be  less  under  the  management  of  a  j^rivate  water  company  than 
imder  that  of  a  city,  because  of  the  more  direct  and  expeditious  man- 
ner in  which  the  former  often  accomplishes  the  desired  ends,  but  they 
certainly  constitute  a  legitimate  expense  which  anybody,  city,  com- 
IJany  or  individual,  building  uja  a  business  of  water  purveyor,  must 
incur,  and  for  which  there  should  be  in  some  manner  a  resulting  com- 
pensation. Therefore,  the  original  cost  of  construction  would  not  and 
could  not  control  the  value  of  the  plant  to. the  investor.  That  value 
may  be  less  or  more  than  its  original  cost.  Of  course,  to  the  manage- 
ment the  minimum  value  of  its  plant  is  the  total  outlay  up  to  the  time 
the  plant  becomes  self-sustaining.  To  a  purchaser,  however,  the 
value  of  the  plant  previous  to  its  becoming  self-supporting  and  based 
upon  net  revenues,  would  be  less  than  cost,  or,  based  upon  the  prospec- 
tive value  of  the  projierty,  would  be  altogether  speculative.  But  a 
speculative  purchase  will  in  most  instances  be  confined  to  the  earlier 
years  of  the  existence  of  a  franchise,  and  a  speculative  purchaser  must 
be  responsible  for  any  errors  of  his  own  judgment  and  either  gain  or 
lose  by  the  transaction  as  the  value  of  the  works  eventually  expands 
or  shrinks. 

The  most  important  occasion  calling  for  a  valuation  of  water- 
works property  is  the  one  incident  to  the  purchase  by  the  city 
through  the  exercise  of  its  option  to  purchase  at  stated  intervals 
or  at  the  expiration  of  the  franchise.  The  choice  of  a  basis  for  the 
valuation  of  such  a  property  affords  an  opportunity  for  the  expres- 
sion of  a  variety  of  opinions.  The  author  has  heard  it  asserted  that 
an  appraisement  of  value  should  be  made  by  capitalizing  the  gross 
earnings  less  the  operating  expenses;  or  by  capitalizing  the  gross 
earnings  after  deducting  the  ojierating  and  maintenance  expenses  ; 
or  that  the  original  cost  of  construction  constitutes  an  important 
element   in   determining   the  joroper   value;  or   yet   that  the   cost  of 
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duplicating   the   works  less   depreciation    is   the   only  just   basis    of 
valuation. 

The  qiiestiou  of  depreciation  of  materials  of  construction  through 
the  eflfects  of  age  and  use,  whenever  considered  in  connection  with  valua- 
tion, admits  of  a  wide  range  of  jiidgment.  For  instance,  the  useful  age 
of  cast-iron  water  pipe  has  been  variously  estimated  from  twenty-five 
to  sixty  years,  or  even  more.  Probably  the  basis  of  estimate  in  the 
several  instances  was  experience  in  the  use  of  east-iron  pipe  in  as  many 
localities,  and  the  judgment  may  have  been  correct  for  those  localities. 
However  this  may  be,  a  definite  period  of  usefulness  cannot  be  arbi- 
trarOy  fixed  for  general  aj^plication  without  more  or  less  partiality  and 
error.  It  is  certain  that  some  soils  will  cause  more  rapid  deterioration  of 
cast-iron  pipe  than  others,  and  that  inferior  workmanship  and  materials 
of  manufacture  also  increase  the  rate  of  deterioration.  Whenever  the 
opportunity  offers,  the  probable  life  of  metallic  or  other  structures 
should  be  estimated  specifically  for  each  locality  by  observation  of  the 
local  eflfects  of  those  agents  and  conditions  promoting  deterioration, 
but  this  life  may,  in  a  measure,  depend  upon  other  conditions  than 
deterioration  by  mere  wear  and  tear. 

In  some  instances  of  valuation  the  small  pipe  of  a  wafrer-works  sys- 
tem has  been  rejected  as  practically  useless,  but  it  is  difficult  to  see 
the  justice  or  consistency  of  rigid  discrimination  of  this  character.  It 
is  true  that  errors  of  design  and  construction,  which  impair  the  effi- 
ciency of  the  plant  or  the  service,  or  necessitate  the  abandonment  of 
certain  portions  of  water-works,  should  be  taken  into  account  in 
appraising  the  value  of  such  property.  Upon  these  occasions  the 
appraiser  should  discriminate  between  deliberate  errors  for  specula- 
tive purposes  and  errors  enforced  because  of  insufficient  funds,  or 
errors  which  simj)ly  became  apparent  through  the  development  of 
conditions  or  environment  which  could  not  have  been  anticipated. 
The  use  of  small  pipe  is  often  enforced  economy.  Though  sound 
engineering  practice,  in  view  of  the  highest  practicable  efficiency 
of  general  water  service,  may,  ui^on  many  occasions,  reject  small  pipe, 
still  financial  considerations  often  compel  the  temporary  use  of  it 
in  limited  amounts.  Therefore,  a  process  partaking  largely  of  a 
business  character,  such  as  is  the  appraisement  of  the  value  of 
property,  should  not  neglect  to  consider  the  value  of  a  certain  class 
of  construction  or  service  to  the  full  extent  of  its  usefulness,  even 
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though  below  the  highest  standard  of  excellence,  provided  such  con- 
sideration l)e  not  in  conflict  with  explicit  and  practical  contract  stipu- 
lations. 

It  is  now  in  order  to  discuss  briefly  each  method  of  valuation  as  sug- 
gested with  a  view  of  reaching  some  basis  of  valuation  which  is  just  and 
equitable.  Of  course,  the  specific  requirements  of  the  franchise  and 
contract  miist  be  regarded,  but  vague  statements  and  technical  inter- 
pretations of  any  contract  should  not  affect  its  impartial  bearings  upon 
important  points.  In  this  discussion,  a  few  illustrations  may  serve  to 
make  the  remarks  more  concise  and  explicit;  therefore,  reference  is 
made  to  the  Kansas  City,  Mo.,  and  the  Syracuse,  N.  Y.,  cases,  as 
developed  in  recent  litigation. 

The  following  quantities  and  amounts  are  the  average  for  the 
year  1893  in  Kansas  City,  Mo.,  as  given  by  the  National  Water- 
Works  Company  in  its  testimony  before  the  courts  in  its  late  con- 
troversy : 

Gross  earnings  for  Kansas  City,  Mo.,  water- 
works   3391  464.29 

Total  operating  expenses  for  Kansas  City,  Mo.,  part 

of  plant 106  700.87 

General  expenses  reported  from  New  York 12  000 .  00 

Net  earnings  in  Kansas  City,  Mo 272  763 .42 

Cost  of  a  system  of  water-works  for  Kansas  City, 
Mo.,  as  estimated  by  board  of  experts  employed 
by  the  city 2  002  434.50 

Worth  of  plant  in  Missouri,  1893,  as  estimated  by 

commissioners  appointed  by  the  court 1  230  000.00 

Worth  of  the  water-works  property  purchased  by 
Kansas  City  as  estimated  by  the  commis- 
sioners      2  546  112.00 

Value  Deduced  from  Gross  Earnings. — The  net  earnings  of  the  Kansas 
City  plant  are  shown  to  be  §272  763.42.  The  rate  of  interest  which  a 
private  company  often  expects  on  investments  in  water-works  proper- 
ties and  in  water-works  seciirities  is  6  per  cent.  Therefore  §272  763.42 
capitalized  at  6%  amounts  to  §4  546  057.  Had  Kansas  City  purchased 
at  such  a  valuation,  the  revenue  from  the  sale  of  water  would  have  had 
to  provide  for  the  following  expenditures: 
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Operating  and   local   administration   expenses,   as 

given  bv  water  company §160  700 

Interest  on  81  54G  057  at  li  per  cent 204  573 

Sinking  fund  at  4:h%  to  extinguish  the  debt  in  20 

vears 144  883 


Total   $456  155 

The  gross  earnings  for  Missouri  were,  in  1893, 
S391  464.42;  from  this  deduct  hydrant  rental 
to  water  company,  $76  000.  There  remains 
$315  464,  the  gross  revenue-producing  ability 
of  the  plant  as  turned  over  to  the  city;  hence 
deducting $315  464 


There  remains  an  excess  of  expenditures  of $140  691 

The  water-works  to  be  self-supporting  must  therefore  have  the 
revenues  increased  nearly  45%"  by  a  general  advance  of  all  water  rates. 
Kansas  City  water  rates  are  already  high,  and  an  advance  of  45^ 
would  necessarily  render  them  burdensome.  This  basis  of  valuation, 
although  advocated  by  the  water  company  in  the  late  controversy,  is 
manifestly  unfair,  as  it  requires  an  immediate  advance  of  high  rates  to 
support  the  investment.     It  conclusively  shows  an  over-valuation. 

Value  as  Determined  by  Capitalizing  Gross  Earnings,  after  Deducting 
Operating  and  Maintenance  Expens^es. — By  this  method,  from  the  gross 
earnings  of  the  plant  should  be  deducted  the  operating  expenses, 
which  embrace  labor,  supervision,  cost  of  collection,  fuel,  supplies. 
and  repairs  nece3sary  to  keep  the  works  in  operation,  also  the  main- 
tenance expenses,  which  embrace  a  sinking  fund  which  would  equal  in 
amount  the  original  investment  after  a  term  of,  say,  twenty  years. 
To  illustrate: 

Let  X  equal  the  capitalized  value  of  a  water-works  j^ropertj'. 

j-^  —  Annual  interest  at  6  per  cent,  iipon  the  capitalized 

value. 

a  X 

— -^  :=  Sinking  fund,  where  a  repi-esents  the  annual  con- 
tribution to  the  sinking  fund  per  SI  000  at  a  given 
rate  of  interest. 
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Hence: 

Trin  "^   fTiiiri  ~  '^^^  ^^^  earnings,  or  the  amount  left  after 
deducting    operating    exjDenses    from   gross 
earnings; 
or  X  =   the  net  earnings  multiplied  by  1  000  and  divided  by  60  +  a. 

As  has  been  stated,  an  ordinary  rate  of  interest  for  private  corpo- 
ration seciirities  is  6  per  cent.  The  rate  of  interest  which  an  invest- 
ment of  sinking  fund  "will  draw  is  somewhat  indefinite,  but  it  will 
probably  vary  between  4  and  6  per  cent.  At  4:%  the  annual  contri- 
bution to  the  sinking  fund  would  be  S33.58  per  $1  000;  at  U%,  $31.87; 
at  5%,  §30. 24;  and  at  6%,  327.18. 

It  has  been  stated  that  the  net  earnings  of  Kansas  City,  Mo. ,  water- 
works, after  deducting  the  operating  expenses,  are  $272  763.42,  hence: 

6  ■''•    ,      «  -^    _  8272  763  42   or  r  -  ^^72  763  420 
100  +  rOOb  -  ^^^^  ^^^•*^'  ^'  "  -       60 -fa 

With  a  sinking  fund  at  4%,    x  =  $2  905  000 

"   41%",  x=    2  969  000 

"    ?>%,    x=    3  023  000 

"     %%,  x=    3  128  000 

What  would  be  the  annual  cost  of  operation  to  the  city,  based  upon 
the  above  valuation  ? 

Assume  a  sinking  fund  at  4  per  cent. 

Operating  esijenses $106  700 

Interest  at  4|^  on  $2  905  000 130  725 

Sinking  fund  at  4%  to  pay  oflf  $2  905  000  in  twenty 

years 97  550 

$334  975 


Sinking  fund  at  45^  per  cent. 

Operating  expenses $106  700 

Interest  at  4\%  on  $2  969  000 133  605 

Sinking  fund  at  4^%"  to  pay  off  $2  969  000  in  twenty 

years 94  622 

$334  927 
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Sinking  fuutl  at  5  per  cent. 

Operating  exj^enses ^106  700 

Interest  at  ^%  on  $3  023  000 136  035 

Sinking  fund  at  5%  to  pay  ofif  ^3  023  000  in  twenty 

years 91  414 

$334  149 

Sinking  fund  at  6  per  cent. 

Operating  exjienses   $106  700 

Interest  at  ii%  on  $3  128  000 140  760 

Sinking  fund  at  6%  to  pay  ofif  $3  128  000  in  twenty 

years 85  019 

$332  479 


In  all  probability,  a  large  and  prosperous  city  can  borrow  money  at 
4i%,  and  under  tlie  usual  legal  restraint  would  scarcely  realize  more 
than  4  to  5%  upon  investments  of  the  sinking  fund.  Upon  this  basis  a 
valuation  of  $3  000  000  in  round  numbers  would  result.  This  is  the 
value  fixed  for  the  property  by  the  court  of  final  resort  in  the  case. 

Next  take  another  illustration  quite  as  much  to  the  point  as  that  of 
the  Kansas  City  water-works,  viz.,  the  appraisement  of  the  value  of 
the  Syracuse,  N.  Y.,  water- works.* 

This  ijroperty  was  a^jpraised  by  three  commissioners,  appointed  by 
the  court,  who  heard  much  testimony  from  exjjerts  rejiresenting  both 
sides  of  the  controversy.  The  testimony  on  the  part  of  the  water 
company  showed  the  plant  to  have  cost  $900  000.  In  other  words, 
that  that  amount  of  money  had  been  expended  upon  it.  The  profit 
and  loss  account  showed  a  net  revenue  of  $70  000  per  annum  over  and 
above  all  charges.  The  city's  experts  estimated  the  present  value  of 
the  plant  at  $391  030,  after  deducting  from  their  gross  estimate 
amounts  representing  depreciation  of  material  and  the  cost  of  bringing 
the  plant  to  a  standard  of  eflSciency  considered  proper  by  the  city's 
experts.  The  present  value  of  the  plant  was  estimated  by  the  com- 
pany's exj^erts  at  $852  775.     Neither  estimate  included  any  real  estate. 

*  The  data  are  taken  from  an  interesting  article  presented  to  the  American  Water- 
Works  Association  in  1893,  by  Mr.  S.  E.  Babcock,  giving  an  account  of  the  methods  and 
results  of  the  appraisement  of  the  water-works  propertj'  owned  by  the  Syracuse  Water 
Company  at  a  time  when  the  City  of  Syracuse  desired  to  become  possessor  of  the  prop 
erty. 
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The  bonded  debt  of  the  company  was  §200  600.*     Upon  this  amount 

of  money  an  annual  interest  at  6°^  is  .?12  036;  hence,  .?12  036  added  to 

$70  000,  the  net  revenue  after  deducting  all  charges,  gives  882  036  as 

the  net  revenue  after  deducting  operating  expenses. 

Net  earnings  x  1 000      ^n     t     .   ^  i  .     n 

Now,  .v= „^     .     If  a  be  taken  as  annual  contribu- 

60  -}-  a 

tion  to  the  sinking  fund  at  4:%,  perhaps  a  fair  rate  of  interest  for  the 

East,  then  x  =  ^7^" i^r-i^x  or  x  =  3876  640,  representing  the  value  of 

bO  -(-  o3.58 

the  water- works  property.     The  value  appraised  by  the  commissioners 

was  8850  000.     The  report  of  the  commissioners  was  confirmed  by  the 

court,  and  the  award  paid  by  the  city. 

This  method  of  appraisement  may  be  objected  to  upon  the  ground 
that  the  assumption  of  6%  as  the  interest  upon  the  investment  and 
the  20-year  limit  to  the  franchise  are  altogether  arbitrary.  In  the  ap- 
praisement of  value  based  upon  earning  capacity,  the  assumed  rate  of 
interest  should  be  that  usually  paid  upon  private  corporation  securi- 
ties rather  than  upon  municipal  securities,  because  the  water  rates  are 
established  with  a  view  of  paying  interest  on  that  class  of  securities. 
Moreover,  there  is  no  valid  reason  why  the  water  company  should 
be  benefited  in  the  appraisement  of  the  values  of  its  property  by  a 
consideration  of  a  city's  ability  to  borrow  money  at  a  less  rate  of  inter- 
est than  itself.  Six  per  cent,  is  the  usual  rate  of  interest  paid  for 
money  loaned  upon  private  water  companies'  securities,  especially 
among  the  central,  western  and  southern  states.  Because  of  the  dis- 
count at  which  such  securities  are  frequently  sold,  the  income  may  net 
the  investor  more  than  6^q,  yet  this  is  ofi'set  very  often  by  the  expense 
the  investor  incurs  in  defending  or  protecting  his  investment. 

If  a  i^eriod  of  30  years  instead  of  20  years  were  assumed  as  a  dura- 
tion of  the  franchise,  then  for  any  fixed  net  revenue  the  annual  con- 
tribution to  the  sinking  fund  would  become  less,  and  the  valuation  of 
the  water-works  property  would  proportionately  increase  ;  for  ex- 
ample, with  a  net  revenue  of  the  Kansas  City  works  of  8272  763.42, 
and  the  annual  payment  into  the  sinking  fund  of  816.40  at  4^%*,  to  ex- 
tinguish the  purchasing  debt  in  thirty  years,  the  valuation  of  the 
property  by  the  method  outlined  would  become  83  570  000  instead  of 
82  969  000  as  determined  for  a  period  of  20  years.     For  a  similar  rea- 

*  See  the  "  Manual  of  American  Water- Works  "  of  1891. 
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son,  for  a  iieriocl  of  less  than  20  years  the  valuation  woiilcl  be  in-opor- 
tionately  decreased;  but,  on  the  other  hand,  any  time  limit  to  a  bond 
of  less  than  20  years  renders  it  scarcely  marketable  with  success  at  a 
low  rate  of  interest.  Therefore,  the  income  based  upon  the  estab- 
lished schedule  of  water  rates  should,  at  least,  sujDport  an  investment 
of  this  duration  and  character,  approximating  the  cost  of  constructing, 
establishing  and  supporting  the  Avater-works  j^roperty.  It  is  scarcely 
advisable  to  consider  a  longer  period  than  20  years,  because  by  or  be- 
fore the  expiration  of  that  interval  much  of  the  machinery  in  current 
use  may  have  become  antiquated,  worn  out,  or  inadequate  to  meet  the 
demands  made  upon  it ;  or  the  distribution  system  of  pipes  may  have 
become  of  insufficient  capacity,  to  a  greater  or  less  extent,  requiring 
reinforcement  or  renewal  of  those  j^ortions  of  it  which  may  have  been 
rendered  useless  from  other  causes  than  mere  deterioration  through 
ordinary  wear  and  tear  ;  or  yet  the  development  of  the  city  during  the 
interval  may  require  a  modification  of  the  plan  of  water-works,  or  a 
change  of  water  rates  in  order  to  adjust  revenues  to  a  new  set  of  con- 
ditions. Moreover,  it  is  probably  advisable  for  the  present  generation 
to  share  with  the  future  generation  the  expense  of  developing  and  es- 
tablishing a  system  of  water-works. 

The  method  of  valuation,  as  outlined  under  the  second  case, 
appears  fair  and  equitable,  provided  that  at  the  time  of  purchase  or 
appraisement  the  plant  is  in  good  condition  and  I'enders  efficient  ser- 
vice throughout  the  territory  included  by  the  distribution  system  of 
pipes,  and  that  the  schedule  of  water  rates  is  a  fair  and  reasonable  one. 

Original  Cost  as  an  Important  Element  in  the  Valuation  of  a  Water- 
Works  Property. — After  the  preliminary  remarks  of  this  paper  it  is 
indeed  difficult  to  define  in  what  manner  the  original  cost  of  a  water- 
works plant  can  affect  its  value  after  a  protracted  term  of  service.  It 
has  been  indicated  that  any  well-managed  water-works  jDroperty 
should  have  anticipated  at  the  time  of  construction  a  more  or  less 
permanent  and  gradual  decline  in  the  prices  of  materials  of  construc- 
tion, and  should  have  gauged  and  utilized  its  revenues  accordingly. 
Undoubtedly  any  and  every  successful  water  company  has  done  so, 
and  thus  maintained  its  ability  to  compete  in  the  sale  of  water  at  all 
times  and  at  any  reasonable  water  rate. 

The  accounts  of  construction  of  the  management  of  a  property  are 
the  only  authentic  source  of  information  upon  original  costs.     As  a 
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rule,  such  iuformation  is  Avithlielcl  from  scrutiny,  largely,  perhaps, 
because  the  amount  of  bonds  and  stocks  issued  against  the  property 
is  measured  more  by  the  revenue-producing  ability  of  the  plant  than 
by  its  actual  cost  ;  a  ad  the  management  desires  an  appraisement  to 
equal,  at  least,  its  indebtedness.  Therefore,  to  expose  the  actual  cost 
of  the  jdant  would  tend  to  militate  against  its  own  interest.  Again, 
a  city  or  anyone  purchasing  a  water-works  at  a  time  when  the  franchise 
has  nearly  exjiired  would  scarcely  be  willing  to  pay  even  its  actual 
cost  if  the  revenues  therefrom  would  not  support  the  investment,  and 
it  is  unreasonable  for  a  purchaser  to  expect  to  obtain  a  profitable  and 
established  business  and  plant  at  its  material  value.  This  basis  of 
valuation  does  not  appear  equitable  to  all  parties  concerned,  as  it 
leaves  out  of  consideration  other  elements  affecting  valuation,  and 
could  scarcely  obtain,  unless  it  had  been  accepted  by  contract  as  the 
most  desirable  basis  of  valuation. 

Cost  of  Duplication  as  a  Basis  of  Valuation. — Those  arguing  the  equity 
of  this  basis  of  valuation  claim  that  the  management  of  the  works  dui-- 
ing  the  existence  of  the  franchise  should  have  received  back  the  original 
capital  invested,  and  that  all  that  it  is  entitled  to  at  the  expiration  of 
the  franchise  is  the  material  value  of  the  plant.  Doubtless  any  in- 
vestor would  be  satisfied  with  a  final  settlement  of  that  nature  were  he 
amply  assured  of  or  guaranteed  the  return  of  the  capital  invested  in 
the  works  from  time  to  time,  together  with  interest.  Such  a  guarantee 
would  then  involve  comparatively  little  risk  on  his  j^art,  as  he  would 
ultimately  be  subjected  to  no  loss  because  of  modification  or  reduction 
of  water  rates  and  prices  for  water  service,  or  because  the  schedule  of 
water  rates  did  not  admit  of  full  return  of  his  investment  with  interest 
during  the  existence  of  the  franchise,  or  because  of  losses  by  unforeseen 
accidents  and  other  contingencies.  No  city  could  afford  to  make  such 
a  guarantee,  as  it  would  tend  to  place  a  premium  upon  extravagant 
management.  It  would  be  impossible  to  fix  at  the  outset  a  schedule 
of  water  rates  which  would  insure  the  desii-ed  income.  Moreover,  the 
city  would  be  obliged  to  accept  finally  the  statement  of  the  investor  as 
to  the  amount  of  his  investment  or  assume  discretionary  power  with 
respect  to  the  amount  and  character  of  expenditures,  which  proceeding 
is  in  effect  equivalent  to  a  city  borrowing  money  and  building  its  own 
works.  No  one  would  exjiend  money  on  an  investment  of  this  kind 
while  assuming  all  risk  incident  to  the  building  up  of  a  profitable 
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business,  and  to  the  return  of  tlie  invested  money  with  interest  within 
a  limited  time,  and  in  the  end  accept  almost  a  scrajj  value  for  the  plant 
and  business.  It  woiihl  be  unreasonable  to  expect  the  management  of 
a  water- works  property  to  do  so,  as  it  should  be  entitled  to  reimburse- 
ment for  proper  efltbrts  and  expenditures  necessary  in  the  build- 
ing up  and  maintenance  of  a  profitable  bixsiness;  and  a  city  should  be 
willing  to  take  this  view  of  the  case,  as  upon  acquiring  the  property  it 
is  benefited  by  having  most  of  the  many  doubtful  and  uncertain 
problems  worked  out,  and  starts  out  to  collect  revenues  accruing  from 
a  developed  and  systematized  business.  The  author  sees  no  practic- 
able way  of  directly  estimating  the  value  of  such  service,  except  by 
appraising  the  value  of  the  plant  and  business  as  a  whole  upon  a  fair 
and  equitable  basis. 

However,  though  the  cost  of  duplication,  less  depreciation  forwear 
and  tear,  of  a  plant  may  not  of  itself  constitute  a  fair  valuation,  still  it 
may  be  taken  as  a  suitable  stai-ting  point  from  which  to  estimate  the 
value  of  a  property  as  a  whole.  As  an  illustration,  the  Syracuse 
water-works  plant  was  estimated  by  commissioners  to  have  a  present 
worth  of  $391  030.* 

Let  X  =  the  capitalized  value  of  the  net  income, 

X  +  $391  030  ^  total  value  of  the  jiroperty, 

(.^-}-  $391030)  33.58  ...         .      ^       ...       ,,„/•.        . 
^„„    =  sinking    fund    which   at   4:%  interest 

would  equal  x  -\-  $391  030  at  the  end  of  20  years. 

^-r^  {x  -f  $391  030)  =  interest  upon  total  value  of  property  at  6%; 

hence, 

j^  {x  +  $391  030)  +  ^ ' rnno~^ ~  '  revenue 

after  deducting  operating  expenses. 

X  =  $485  030. 

The  total  value  of  the  property  equals  $485  030  -f  $391  030  or 
$876  640,  an  amount  agreeing,  as  it  should,  with  the  value  of  the  same 
property  determined  by  the  second  method. 

There  is  another  aspect  to  this  question  of  valuation  of  water- 
works property  which  it  is  important  to  consider.     A  water-works 

*  J.  Nelson  Tubbs,  one  of  the  commissioners,  estimated  the  present  value  (1891)  of  the 
Syracuse  plant  at  $391  030  after  making  deductions  from  the  gross  estimate  of  the  cost 
of  duplicating  the  plant  to  cover  depreciation  and  the  cost  of  putting  it  in  an  efficient 
condition. 
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franchise  is  naturallT  exclusive  and  frequently  restrictive.  It  is  ex- 
clusive because  tlie  heavy  cost  of  constructing,  operating,  and  main- 
taining a  Avater-works  plant  practically  excludes  successful  competi- 
tion in  the  same  territory  covered  by  the  said  franchise.  Often  it  is 
restrictive  because  in  view  of  the  lack  of  opportunity  to  control  water 
rates  through  ordinary  channels  of  commercial  comj)etition,  a  sched- 
ule of  water  rates  considered  fair  and  equitable  fixing  the  charge  for 
water,  or  a  maximum  charge,  is  made  a  part  of  the  franchise  ordi- 
nance. Thus  a  water  company  may  without  foreign  interference 
realize  such,  and  only  such,  profit  from  the  operation  of  the  water- 
works as  the  established  schedule  of  charges  and  the  prudence  of  its 
management  may  admit.  The  net  earning  capacity  of  the  jDroperty 
measures  its  value  to  the  owner.  At  the  same  time,  a  city  granting  a 
franchise  of  this  character  to  a  private  water  company  accepts  an 
option  to  purchase  the  water- works  property  at  stated  intervals,  or 
obligates  itself  to  purchase  it  at  a  certain  time  at  an  appraised  value, 
and  binds  itself  to  recognize  an  established  schedule  of  water  rates 
which,  having  been  mutually  agreed  to,  must  have  been  considered 
fair  and  equitable.  It  is,  therefore,  difficult  to  see  how  a  city  can 
escajje  the  obligations  imposed  by  its  own  legal  acts,  which  in  effect 
legislate  a  value  to  a  proi^erty  that  it  expects  or  obligates  itself  to 
purchase  eventually. 

In  conclusion  it  is  clear  that  the  original  cost  or  the  bare  cost  of 
duplicating  a  water-works  projierty  is  not  of  itself  a  measure  of  the 
value  of  that  property.  Its  present  value  embraces  both  the  value  of 
the  plant  and  the  business  resulting  from  the  use  of  the  plant.  To- 
gether they  constitute  a  single  commodity.  Therefore,  in  an  appraise- 
ment of  value  of  water-works  property,  it  is  the  commodity  which  is 
appraised,  and  not  the  materials  of  construction.  If  a  city  purchase 
such  a  plant,  after  having  once,  or  upon  several  occasions,  fixed  or 
modified  the  schedule  of  water  rates,  thus  through  legislation  estab- 
lishing a  maximum  value  to  the  property,  it  should  evidently  pay  its 
commodity  value  unless  the  contract  sijecifically  states  otherwise,  or 
unless  it  be  prevented  by  superior  authority.  This  value  is  affected 
both  by  the  ability  of  the  property  to  produce  net  revenue  and  by  the 
contract  requirements  relating  to  the  structural  features  of  the  plant. 
As  a  commodity  such  a  property  may  receive  a  fair  and  equitable 
valuation  when  based  upon  a  net   revenue  derived  from  the  sale  of 
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water  resulting  from  the  operation  of  a  fair  schedule  of  water  rates, 
and  when  the  structural  details  and  the  efficiency  of  service  conform 
to  reasonable  contract  requirements.  Should  the  water  rates  be  ex- 
cessive or  even  fail-,  and  the  construction,  the  materials,  or  the  service 
of  inferior  quality,  then  the  value  of  property  appraised  upon  a  net 
earning  basis  without  proper  deductions  may  become  proportionately 
excessive. 

Thus  Case  2,  or,  what  is  jjractically  the  same,  the  latter  part  of 
Case  4,  constitutes,  the  author  believes,  a  process  of  fairly  and  equita- 
bly estimating  the  value  of  a  water-works  property;  provided  the 
schedule  of  water  rates  be  not  excessive  and  deductions  be  made  from 
the  amount  so  determined  sufficient  to  cover  the  cost  of  bringing  the 
plant  to  the  condition  of  efficiency  reasonably  contemplated  by  the 
contract,  if  found  inefficient.  "When  water  rates  are  unregulated  by 
the  terms  of  the  franchise  ordinance,  as  they  are  in  some  instances, 
the  citizens  should  have  some  legal  resource  to  protect  themselves 
from  extortionate  charges. 

These  details  should  be  considered  in  renewing  a  contract  with  a 
water  comjjany,  for,  if  the  hydrant  rentals  or  the  schedule  of  water 
rates  be  fixed  too  high,  it  offers  security  for  an  investment  in  excess  of 
that  necessary  to  operate  and  maintain  i^roperly  an  adequate  system 
of  water-works  and  an  efficient  water  service,  and  thus  gives  the  prop- 
erty a  somewhat  abnormal  market  value.  On  the  other  hand,  there  is 
no  advantage  in  attempting  to  establish  a  schedule  of  water  rates 
which  will  afford  an  inadequate  return  uj^on  a  reasonable  valuation  of 
water-works  property,  as  it  will  result  m  a  more  or  less  inefficient  ser- 
vice. A  schedule  of  charges  adjusted  to  the  conditions  prevailing  at 
the  time  of  the  original  installation  of  a  water-works  plant  may  not 
apply  with  the  same  degree  of  equity  after  the  expiration  of  a  consid- 
erable interval  of  time  when  the  commercial  prosperity  of  a  city  shall 
have  become  better  established  and  the  character  and  direction  of 
improvement  and  expansion  more  fully  defined. 

The  author  admits  the  existence  of  elements  of  uncertainty  in  the 
work  of  adjusting  equitable  water  rates.  Independent  efforts  to  form- 
ulate originally  an  equitable  schedule  of  water  rates  for  any  town 
would  perplex  even  the  mind  of  an  expert  in  such  matters.  The  ele- 
ment of  uncertainty  accompanying  work  of  this  character  can  only  be 
eliminated  in   individual  instances  by  trial   and  by  modification  of 
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water  rates  as  the  contingency  arises,  or  througli  the  assistance  derived 
from  a  judicious  study  of  the  Avorkings  of  established  schedules  of 
water  rates  in  towns  requiring  a  similar  treatment  of  the  water  supply 
problem  as  the  town  in  question.  It  is  unfortunate  that  some  water- 
works managements  are  not  in  position  or  are  not  inclined  to  equip 
their  property  with  the  necessary  facilities  to  furnish  a  wholesome 
water,  free  from  the  evidences  of  jjollution  and  above  suspicion  of  in- 
fection, because  of  an  abnormally  low  schedule  of  water  rates  or 
because  of  abnormally  high  debt  or  capitalization  which  the  income 
from  the  sale  of  water  is  called  upon  to  support.  These  discrepancies 
must  soon  be  eliminated  in  order  that  the  standard  of  quality  of 
public  water  supplies  may  be  elevated  to  meet  the  rapidly  growing 
po]3ular  demand  for  better  and  more  wholesome  water.  So  long  as 
they  obtain  they  constitute  an  element  to  be  considered  in  the  valua- 
tion of  water-works  proi^erties.  The  establishment  or  modification 
of  a  schedule  of  water  rates  must  include  the  consideration  of  the 
present  or  proximate  future  necessity  of  having  to  purify  the  water 
drawn  from  rivers  and  similar  sources  of  water  sujjply  susceptible  of 
pollution  ;  for  it  is  only  a  question  of  a  very  short  time  when  there 
will  prevail  throughout  the  country  a  more  or  less  imiaerative  demand 
for  the  employment  of  better  safeguards  for  the  jjublic  health.  It  is 
an  established  fact  that  typhoid  fever,  cholera  and  diarrhoeal  com- 
plaints are  pre-eminently  water-carried  diseases.  Already  the  death 
rate  from  typhoid  fever  in  this  country  is  high,  increasing  directly,  in 
very  many  instances,  with  the  degree  of  pollution  of  the  water  supply, 
and  there  is  a  well-developed  movement  afoot  to  abate  inroads  of  this 
disease  by  the  emi)loyment  of  practical  agencies  to  eliminate  as  many 
of  the  sources  of  infection  as  possible.  Experience  has  proved  that 
proper  sand  filtration  is  a  very  effectual  defence  against  infection 
through  drinking  water,  esi)ecially  for  those  cities  which  are  unable 
to  procure  a  suitable  supply  of  water  from  sources  exempt  from  pollu- 
tion by  organic  matter.  Therefore,  in  many  instances,  the  establish- 
ment of  water  rates  should  anticipate  a  revenue  to  support  filtration 
subsequent  to  sedimentation  in  basins,  in  connection  with  other  con. 
comitants  to  a  pure  and  wholesome  water  suj^ply. 

Finally,  the  question  may  be  raised  as  to  how,  in  the  event  of  the 
valuation  of  a  water-works  property  being  based  upon  its  earning 
capacity,  it  shall  be  known  whether  the  schedule  of  water  rates  in 


KIERSTED    ON"    WATER-WORKS   VALUATION.  133 

current  use  is  eqiiitable,  inasmuch  as  an  equitable  rate  is  necessary  to 
tlie  fixing  of  a  fair  vahiation  upon  the  ^iroperty.  To  this  question 
the  author  woukl  rej^ly  that  those  towns  which  obligate  themselves 
to  purchase  a  system  of  water-works  at  its  apiiraised  value,  and  which 
fix  by  ordinance  a  schedule  of  water  rates  to  apply  during  the  life  of 
the  franchise  without  reserving  to  themselves  the  power  to  modify  or 
to  compel  a  modification  of  them,  can  scarcely  escape  the  jienalty  of 
having  to  purchase  the  property  at  an  inflated  value  if  the  rates  be 
fixed  too  high,  except  through  incapacity  of  the  plant,  or  by  con- 
cession on  the  part  of  the  owner,  or  through  evidence  submitted  by 
him  showing  the  income  accruing  from  the  operation  of  the  water- 
works to  be  less  than  that  which  the  maximum  charge  under  the 
schedule  of  rates  would  afford.  In  this  instance  the  question  whether 
the  established  schedule  of  rates  is  or  is  not  equitable  does  not  obtain, 
but  is  rather  what  is  a  fair  valuation  of  the  property  based  upon  a 
given  schedule  of  charges.  A  city,  which  not  only  fixes  a  schedule 
of  water  rates,  but  also  reserves  the  power  to  regulate  them  within 
equitable  limits,  or  to  enforce  such  regulation,  can  prevent  extor- 
tionate charges,  and  can  insure  the  establishment  of  a  fair  schedule  of 
charges  previous  to  the  expiration  of  the  franchise  or  to  the  date  of 
purchase.  Towns  without  the  authority  to  fix  or  regulate  water  rates, 
and  those  having  established  a  flexible  schedule  of  rates  fixing  maxi- 
mum charges,  can  hope  to  arrive  at  a  fair  valuation  of  the  property 
only  through  proper  evidence  bearing  upon  its  efficiency  and  earning 
capacity. 
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niscu  ssioN. 


Mr.  Haring.  J.  S.  Haring,  M.  Am.  Soc.  C.  E. — A  board  of  water  commissioners, 
of  whicli  tlie  speaker  was  engineer,  recently  began  proceedings,  before 
commissioners  of  appraisal  for  the  condemnation  of  a  water-works 
plant,  which  have  rather  unusual  features.  It  was  built  originally  by 
a  single  individual.  It  was  without  a  charter,  and  supplied  a  territory 
without  an  incorporation  as  a  village.  Later,  the  owner  secured  from 
the  New  York  Legislature  a  charter  for  a  general  water-works  plant 
and  the  right  to  occupy  territory,  and  about  the  same  time  the  village 
was  incorporated. 

Since  that  time  the  territory  has  been  divided  into  two  villages,  and 
two  more  water-works  have  been  started.  One  village  constituted  a 
board  of  water  commissioners  in  1895,  and  last  year  laid  a  system  of 
mains  in  its  territory.  It  planned  to  use  a  supply  entirely  indepen- 
dent of  those  of  the  water  companies,  and  for  the  purpose  of  attaining 
revenue  immediately  it  began  condemnation  proceedings  against  the 
principal  water- works  plant. 

The  commissioners  argued  that  the  value  of  the  plant  was  the  ex- 
penditure for  which  it  could  be  duplicated,  less  depreciation  ;  and 
they  endeavored  to  show  that  the  j^lant  could  be  duplicated  for  very 
much  less  than  the  amount  which  the  company  claimed  was  the  origi- 
nal cost  of  construction.  The  comj^any  endeavored  to  deduce  the 
value  of  the  plant  from  the  income  of  the  year  1896.  The  income  had 
grown  gradually  from  1873,  when  the  plant  passed  into  the  hands  of 
the  company,  a  large  part  of  the  increase  being  due  to  hydrant  rental 
in  the  village  which  decided  to  build  public  works.  In  1895  the  com- 
pany increased  the  rental  for  23  hydrants,  only  18  of  which  are  ser- 
viceable, from  ^1  500  to  ^2  000.  Many  of  the  hydrants  are  on  3-in. 
pipe.  The  village  trustees  demurred,  and  the  company  brought  suit, 
winning  its  case  on  the  claim  that  the  amount  of  rental  to  be  paid 
should  not  be  based  on  the  number  of  hydrants,  but  on  the  population. 
While  the  company  never  declared  a  cent  of  dividends  on  its  stock, 
it  claimed  that  in  1896  it  had  made  ^9  000  net  out  of  a  total  income  of 
$16  000,  in  spite  of  the  fact  that  it  is  a  small  plant  with  but  13.11  miles 
of  mains  of  which  4.8  miles  are  2-in.  and  3-in.  pipes.  From  this  starting 
point  the  total  valuation  of  the  plant  was  figured  out  as  ^227  000. 
The  commissioners  found  from  six  annual  reports,  as  many  as  it  was 
possible  to  obtain,  that  the  income  during  the  j^eriod  was  about  ^6  000 
a  year,  and  they  accordingly  claimed  that  ^100  000  was  the  greatest 
amount  that  could  be  assigned  as  the  value  of  the  plant  on  the  basis 
of  income. 

The  position  of  the  board  of  water  commissioners  was  authorized 
by  the  action  of  the  citizens  themselves  in  creating  the  board,  compe- 
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tition  beginning  from  tlie  date  when  it  was  determined,  by  a  vote  of  Mr.  Haring. 
three  to  one,  to  build  and  operate  a  municipal  plant.  The  company 
claims,  on  the  other  hand,  there  can  be  no  question  of  competition,  as 
that  is  a  matter  of  the  future,  and  the  board  is  bound  to  take  the  com- 
pany's supply,  which  is  stated  in  the  complaint  made  by  the  board  to 
be  essential  for  its  plant.  As  a  matter  of  fact  the  board  purposes  to 
use  a  new  source  of  supjjly. 

Taking  the  view  of  establishing  the  value  of  the  plant  by  its  cost 
of  construction,  the  conditions  in  the  case  here  described  were  also 
extraordinary.  One  small  plant  had  been  merged  into  it,  together  with 
its  physical  property,  pipes,  reservoirs,  etc.,  thus  making  in  some 
streets  three  distinct  lines  of  mains,  all  of  different  sizes  and  belonging 
to  this  company,  with  a  reservoir  of  absolutely  no  value.  Certainly  all 
this  cost  could  not  be  considered  as  a  part  of  the  actual  value  of  the 
plant  at  the  present  time.  Again,  many  thousand  dollars  were  spent 
in  a  vain  attempt  to  cut  off  the  water  suj^ply  of  its  remaining  rival, 
and  in  the  litigation  it  had  to  defend  in  consequence.  A  claim  was 
also  set  up  for  the  usual  allowances  for  engineering  services,  when  it 
was  admitted  in  evidence  that  no  engineer  was  ever  employed  upon 
the  plant.  No  sinking  fund  was  ever  created,  extensions  were  made 
out  of  the  income,  and  nothing  charged  for  depreciation  of  any 
character. 

Taking  this  as  an  illustration  of  hundreds  of  small  jslants  and  vil- 
lages which  sooner  or  later  will  be  undergoing  the  same  process,  it 
seems  that  the  consideration  of  both  the  present  value  of  the  plant 
based  on  its  income,  together  with  the  value  of  its  franchise,  if  its 
franchise  is  an  exclusive  one  or  has  been  so  long  established  as  to 
have  the  benefit  of  immediate  revenue,  and  the  cost  of  duplicating  the 
plant  less  depreciation,  furnishes  the  only  way  in  which  a  just  esti- 
mate can  be  arrived  at.  Cost  does  not  fairly  represent  value  ;  time, 
condition,  circumstances  form  so  large  an  element  and  are  so  change- 
able that  but  little  of  value  is  afforded  one  who  honestly  seeks  infor- 
mation along  these  lines.  Speculation  may  purposely  enhance  the 
cost  on  the  one  hand  while  penuriousness  reduces  it  on  the  other  ;  in 
neither  case  is  the  value  of  the  jjlant  truly  stated  by  the  cost  set  forth. 

The  subject  of  dejireciation  is  imijortaut.  It  is  as  hard  to  formu- 
late a  rule  for  it  as  for  the  mode  of  appraising  the  value  of  the  i^lant, 
yet  some  rule  should  be  made  to  apply  to  it  if  any  formula  is  to  be 
deduced  by  which  the  measure  of  value  of  water-works  is  to  be 
determined. 

L.  L.  Tribus,  M.  Am.  Soc.  C.  E. — If  any   calculations  have  to  be  Mr.  Tribus. 
made  involving  some  uncertainty,  it  is  customary  to  arrive  at  the  re- 
sult by  one  method  and  check  it  by  another  entirely  different.     That 
is  the  manner  in  which  most  engineers  would  answer  such  questions 
as  are  brought  up  in  this  paper.     As  a  first  method,  the  value  might 
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Mr.  Tribus.  be  obtained  by  subtracting  the  estimated  depreciation  from  the  esti- 
mated original  cost.  A  second  method  would  be  to  estimate  the  cost 
of  diiplicating  the  woi'ks,  and  allow  for  the  depreciation  which  would 
have  taken  place  from  the  time  of  original  construction.  A  third 
method  would  be  based  on  the  earnings,  cajjitalizing  at  a  fair  rate  of 
interest,  say  6  per  cent.  In  either  buying  or  selling  a  plant,  the  final 
estimated  value  would  probably  be  somewhat  of  a  mean  of  the  three  re- 
sults obtained  in  this  manner,  neither  one  alone  covering  the  whole  case. 

So  far  as  franchises  are  concerned,  there  are  many  water-works 
constructed  in  this  country  which  do  not  have  them.  These  works 
are  built  under  general  laws,  and  while  they  receive  permission  from 
the  cities,  towns  or  villages  to  lay  pipe  in  the  streets,  this  carries  no 
contract  with  it  nor  exclusive  privilege.  Their  revenue  is  derived 
from  two  sources,  hydrant  rental,  and  arrangements  with  private  con- 
sumers. The  former  is  usually  paid  under  short-term  contracts, 
although  it  may  run  twenty  or  thirty  years  in  some  instances.  Ac- 
cording to  the  New  York  law,  five  years  is  the  limit.  Hence  in  New 
York  State,  under  the  existing  general  law,  five  years  may  be  taken  as 
the  life  of  a  franchise,  unless  extended  by  a  new  contract  at  the  end  of 
that  time,  and  ajipraisers  would  be  limited  to  five  years'  full  revenue 
from  the  plant  in  estimating  its  value. 

In  the  case  mentioned  by  Mr.  Haring  there  is  no  exclusive  fran- 
chise, and  the  hydrant  rentals  run  for  but  one  year  at  a  time,  while  the 
village  will  shortly  enter  into  active  competition  by  operating  its 
own  plant,  now  nearing  completion.  It  would  apparently  seem  as  if 
the  private  plant  had  no  franchise  value  whatever,  except  from  a  moral 
standpoint.  This  is  hard  to  estimate.  It  must  be  remembered  that 
the  private  works  could  run  for  a  time,  but  as  any  deficiency  in  the 
revenue  of  the  public  plant  would  be  met  by  taxation,  the  people 
would  soon  cease  paying  water  rents  to  the  private  comjaany  and  taxes 
to  run  the  i)ublic  works  as  well.  The  ultimate  outcome  would  be  the 
annihilation  of  the  company.  While  there  is  no  legal  requirement 
under  such  circumstances  to  consider  a  value  representing  the  possible 
earnings  of  the  company  in  the  years  following  open  competition, 
something  of  the  sort  should  be  carried  out  so  that  no  injustice  may 
be  done  to  one  set  of  citizens  as  against  another. 

Hence  the  value  of  a  plant  might  be  ascertained  by  establishing  an 
equitable  mean  between  independent  estimates  of  the  material  prop- 
erty and  adding  to  this  sum  a  certain  amount  to  represent  moral  value 
of  the  franchise,  if  under  the  conditions  of  this  special  jjlant  noted 
here,  or  the  actual  value  if  the  franchise  has  defined  limits  or  rights. 

In  general,  common  sense  and  compromise  will  determine  the  con- 
sideration to  be  paid  when  a  municipality  acquires  a  jjrivate  jilant, 
rather  than  any  arbitrary  mathematical  method  of  calculating  values, 
though  such  methods  have  their  j^lace  and  point  to  the  desired  end. 
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Rudolph  Hering,  M.  Am.  Soc.  C.  E. — The  vahiation  of  water-works  Mr.  Heringr. 
proj^erty  slioiild  be  considered,  both  from  engineering  and  business 
points  of  view,  just  as  the  value  of  a  plant  furnishing  light,  heat  or 
transportation,  or  just  as  the  value  of  a  mill  or  other  establishment 
producing  a  commodity,  would  be  determined.  The  party  having  a 
desire  to  buy  or  to  sell  is  naturally  willing  to  pay  more  or  to  get  less 
from  the  other  party  than  if  there  is  no  such  desire,  but  in  an  engi- 
neering discussion  the  subject  should  be  treated  iri-espective  of  the 
law  of  supply  and  demand,  and  be  limited  to  the  proposition  that  a 
l^rojierty  is  to  be  transferred  and  paid  for  at  a  price  which  is  to  be 
equitable  to  both  parties. 

There  are  three  cases  to  be  considered ;  one  where  there  is  no  fran- 
chise, another  where  there  is  a  limited  franchise,  and  still  another 
where  there  is  a  ijerpetual  franchise. 

The  speaker  could  not  see  how  a  water-works  franchise  can  continue 
to  have  any  value  whatever  after  it  has  expired  and  the  contract  has  been 
terminated.  In  such  a  case  it  is  not  fair  to  the  citizens  to  assume  that 
one  still  exists  and  to  determine  the  purchase-price  accordingly. 
When  a  franchise  is  limited  and  still  in  force,  or  when  it  is  perpetual, 
it  undoubtedly  has  a  specific  value.  Sometimes  the  contract  provides 
that  the  city  shall  purchase  the  works  after  the  exj^iration  of  the  fran- 
chise, and  prescribes  the  method  of  arriving  at  the  price.  In  such 
cases  the  question  of  value  is  therefore  settled.  Engineers  are  inter- 
ested only  where  it  is  still  open  to  arbitration,  and  is  to  be  answered 
on  an  impartial  basis,  founded  upon  engineering  and  mathematical  as 
well  as  on  business  facts. 

When  a  contract  is  to  be  renewed  for  another  term  of  years,  both 
the  city  and  the  company  should  be  willing  to  revise  its  terms,  in 
view  of  the  experience  that  has  been  gained  with  it,  and  upon  which 
judgment  should  thereafter  be  based. 

There  are  several  customary  ways  of  ascertaining  the  value  of 
water-works,  viz. : 

1.  Capitalizing  revenue. 

2.  Ascertaining  cost  of  original  construction  and  establishment  of 
works,  less  depreciation  of  existing  structures  and  materials. 

3.  Estimating  cost  of  reproducing  similar  works,  less  depreciation 
of  existing  structures  and  materials. 

4.  Estimating  cost  of  reproducing  such  j^arts  of  existing  works  as  can 
be  embodied  in  a  new  and  modern  system  of  water  supply  for  the  city. 

In  comparing  them  and  deciding  ui)on  a  jireference,  a  broad  and 
fair  view  should,  of  course,  be  taken. 

GapUdUzing  Revenue. — The  author's  conclusions  point  to  a  prefer- 
ence for  estimating  the  value  of  water-works  property  by  capitalizing 
its  net  earnings.  The  speaker  could  not  agree  with  such  a  conclusion 
for  the  folio  wine;  reasons: 
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A  slight  iliflference  in  the  net  earnings  represents  a  great  difference 
in  money  value  when  capitalized.  The  net  earnings  must  therefore  be 
determined  with  great  accuracy.  They  depend  partly  on  water  rates, 
partly  on  the  ability  of  the  management,  and  partly  on  other  con- 
ditions. 

If  water  rates  are  unalterably  fixed  for  the  life  of  the  franchise  or 
contract,  the  question  is  settled,  but  if  the  city  has  the  privilege  of 
changing  them,  it  has  the  power  of  greatly  affecting  the  capitalized 
value.  They  are  therefore  not  wholly  based  on  an  intrinsic  value,  but 
partly  on  the  opinions  and  actions  of  temporary  city  officials. 

If  the  management  of  the  water- works  property  is  an  able  one,  the 
net  earnings  will  be  materially  greater  than  if  it  is  not.  It  is  proper 
to  keep  the  expense  account  down  as  much  as  possible,  but  this  may  be 
accomplished  not  merely  by  reducing  the  cost  of  administration  and 
operation.  It  is  sometimes  done  by  a  failure  to  keep  works  in  proper 
repair,  by  furnishing  inadequate  fire  pressure,  or  an  insufficient  supply 
of  water  for  domestic  use.  With  ulterior  purposes  in  view,  the  net 
earnings  may  have  been  artificially  swelled  or  reduced  for  a  year  or 
two.  During  the  term  of  a  franchise  city  officers  seldom  have  any 
control,  either  over  the  design,  construction  or  management,  of  the 
works,  which  'are  later  to  be  placed  under  their  entire  control,  and 
thus,  after  the  franchise  is  awarded,  no  one  may  have  power  to  guard 
the  city's  interests.  In  such  cases  the  capitalized  value  may  depend 
partly  on  the  accidental  ability  of  certain  of  the  company's  officers 
and  partly  on  their  methods  of  administration  rather  than  on  intrinsic 
merit  alone. 

There  is  another  difficulty.  It  is  often  presupposed  that  the  con- 
ditions producing  the  earnings  are  constant,  and  that  some  of  them  are 
perpettial.  The  most  important  of  these  are  the  permanence  of  the 
quality  and  quantity  of  the  water,  but  both  may  change.  The  quality 
may  by  pollution,  over  which  the  company  has  no  control,  become  so 
bad  as  to  make  the  water  unfit  for  use.  New  works  np  to  the  point  of 
distribution  must  be  built,  and  the  net  earnings  are  correspondingly 
reduced.  The  quantity  of  available  water  may  also  be  diminished  by 
a  change  of  surface  conditions,  or,  as  in  some  ground-water  supplies, 
a  portion  of  the  water  may  have  been  diverted,  against  which  there 
may  be  no  legal  remedy.  Then,  likewise,  the  net  earnings  are  reduced 
by  expenditures  necessary  to  make  good  the  deficiency. 

Another  difficulty  lies  in  the  selection  of  the  rate  of  interest  which 
is  to  be  iised  for  the  capitalization.  A  slight  difference  in  it  makes  a 
great  diiference  in  the  deduced  value.  There  are  temporary  and  local 
conditions  which  can  easily  alter  the  rate  i  or  1%,  making  the  dif- 
ference in  the  capitalized  value  so  great  that  a  close  analysis  in  other 
directions  becomes  of  little  value.  Therefore,  it  is  again  necessary  to 
depend  largely  upon  human  actions,  in  this  case  perhaps  upon  the 
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pleasure  of  the  parties,  and  perhaps  upon  a  biased  judgment,  in  fixing  Mr.  Hering. 
the  rate  of  capitalization. 

In  selecting  this  rate  an  important  consideration  is  often  ignored. 
It  should  vary  with  the  expected  age  of  the  works.  If  they  are  not  to 
be  operated  long,  the  rate  must  be  higher  than  if  they  are  practically 
perpetual.  In  new  and  in  mushroom  cities,  the  rate  must  therefore  be 
higher  than  in  old  and  established  ones.  Unless  the  proper  lengths 
of  time  for  Avhich  to  capitalize  can  be  determined,  which  length  of 
time  is  often  but  a  vague  siirmise,  how  can  the  rate  be  given  with  suf- 
ficient accuracy  to  use  it  for  capitalization  on  an  equitable  basis  ?  In 
such  a  case  it  is  almost  impossible  to  fix  a  rate  that  would  be  con- 
sidered fair  a  few  years  hence.  Further,  the  interest  rate,  as  a  general 
matter,  varies  also  with  the  times.  It  is  lower  now,  for  the  same  pur- 
pose, and  in  the  same  cities,  than  it  was  twenty  years  ago. 

The  method  has  still  another  objectionable  feature.  When  a 
franchise  is  awarded,  and  when  a  city  parts  for  a  term  of  years  with  its 
own  rights  and  properties,  it  happens  occasionally  that  it  is  asked  to 
buy  these  lirojierties  back  at  a  concealed  jsrice,  which,  on  close  exam- 
ination, proves  to  be  far  above  market  rates.  This  price  has  been  made 
exorbitant  by  deriving  it  from  the  total  earnings  of  the  company, 
which  may  have  been  made  large  from  other  and,  some  of  them,  jjer- 
haps,  temporary  causes.  Therefore,  when  recalling,  as  it  were,  a 
temporary  loan  to  the  company,  the  citizens  are  to  receive  less  than 
they  gave. 

The  capitalization  of  earnings,  as  a  practical  basis  for  determining 
the  value  of  a  property,  is  therefore  beset  with  many  uncertainties, 
and  is  liab'e  to  j^roduce  much  injustice.  The  result  depends  partly 
upon  possibly  irresjionsible  persons,  and  jjartly  ui)on  those  whose 
only  object  may  be  money-making.  In  any  case,  it  depends  largely 
upon  individual  judgment,  based  upon  elements  of  which  some  are 
incapable  of  accurate  determination.  To  get  with  it  a  valuation  that 
has  a  semblance  of  justice  and  accuracy  seems  almost  hojjeless.  It 
removes  so  important  a  business  transaction  as  the  jjurchase  or  sale 
of  water-works  far  from  the  basis  of  ascertainable  facts,  and  the  valu- 
ation is  left  lai-gely  to  the  mere  opinions  of  those  selected  to  arbitrate. 
Therefore,  the  result  must  be  hazardous,  and  explains  the  great  dis- 
crepancies often  existing  between  the  figures  defended  by  the  two 
parties. 

Nevertheless,  it  must  be  admitted  that  logically  the  method  may 
still  be  a  just  one  in  many  cases,  and  where  none  other  is  practicable 
it  must  stand  with  its  consequences.  The  courts  have  often  favored 
it,  but  their  decision  was  then  based  on  the  evidence  submitted  and 
upon  the  terms  of  a  contract.  In  a  case  dejiending  largely  upon  en- 
gineering knowledge  and  judgment,  a  court  will  rarely  go  outside  of 
the  evidence. 
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HeriiiK.  It  must  also  be  admitted,  that  if  all  proper  deductions  have  been 
made,  and  a  reasonable  view  has  been  taken  regarding  the  interest 
rate  and  the  time  for  which  the  works  are  capitalized,  then  there  will 
and  should  be  but  little  diiference,  if  any,  between  the  value  ascer- 
tained in  this  manner  and  the  value  ascertained  by  other  methods 
which  embody  elements  of  less  uncertainty. 

When  the  franchise  has  not  expired,  and  the  city  has  obligated  it- 
self to  buy  the  works,  and  has  bound  itself  to  recognize  the  schedule 
of  water  rates  as  re^jresenting  a  proper  income  for  the  company,  then 
there  may  result  an  excessive  valuation,  a  sort  of  speculative  value, 
which  the  city  is  nevertheless  bound  to  accej^t  under  the  terms  of  the 
contract.  Besides  the  values  which  have  been  determined  without 
considering  a  specific  franchise  value,  we  should  add  all  profits  which 
are  expected  to  be  realized  between  the  time  of  purchase  and  the  time 
when  the  franchise  expii'es. 

When  the  franchise  has  expired,  and  the  company  has  properly 
anticipated  a  decline  in  prices  for  materials  and  construction,  if  it 
has  allowed  for  the  uncertainties  of  growth  in  a  city,  if  it  has 
naturally  or  artificially  secured  pure  and  wholesome  water  of  un- 
failing quantity,  if  it  has  used  the  best  materials  and  appliances  and 
conducted  the  works  in  a  skilful  manner,  and  if  the  water  rates  are 
reasonable  and  commensurate  with  the  cost  of  the  works  and  of  their 
operation,  then  the  income  will  provide  but  a  fair  profit  or  percentage 
on  the  invested  capital.  Then,  also,  the  reverse  operation  of  capitali- 
zation will  reproduce  about  the  same  result  as  when  a  direct  deter- 
mination of  the  capital  is  made  by  estimating  the  cost  of  establishing^ 
works  and  of  their  operation. 

If  a  comjjany  loses  money  by  such  a  method,  it  has  generally  lost 
it  because  its  intention  was  to  speculate,  or  its  officers  were  inefficient. 
Then  it  alone  should  be  responsible  for  the  error  of  its  judgment,  just 
as  are  other  investors,  owning  other  kinds  of  jsroperty,  and  it  should 
not  wish  to  load  the  responsibility  upon  the  unsuspecting  tax-payers 
of  a  community. 

The  author  asks  at  the  end  of  his  ijapsr  how  it  will  be  known 
whether  the  water  rates  are  equitable  or  not,  but  answers  it  hardly  in 
a  definite  or  satisfactory  way.  It  seemed  to  the  sjieaker  that  the 
rates  can  be  equitable  only  if  they  pay  the  cost  of  establishing  the 
works  and  of  maintaining  and  oi^erating  them,  and  yield  but  a  fair 
and  not  exorbitant  i3rofit  on  the  invested  moneys. 

The  difficulty  in  fixing  equitable  rates  at  the  outset  lies  in  the  un- 
certainty as  to  the  number  and  kind  of  services  that  will  be  supplied 
each  year.  It  would  be  easier  and  safer  to  determine  an  equitable  rate 
on  the  basis  of  1  OUO  galls,  supplied  to  the  city,  both  for  public  and 
for  private  purposes,  because  there  would  be  more  definiteness  in  the 
elements  of  the  calculation. 
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Much  confusion  of  judgment  is  often  caused  with  reference  to  these  Mr.  HerinR. 
water  rates.  In  some  cities  they  have  been  called  excessive  and  in 
others  not,  while  actually  the  reverse  was  true.  The  rates  should  be 
based  on  the  outlay  for  the  works  and  their  maintenance,  and  on  the 
cost  of  their  oijeration.  If  the  works  are  expensive  and  the  cost  of 
operation,  i)erhaps  by  pumj^ing  and  filtering,  is  great,  the  rates  may 
easily  and  justly  be  double  what  they  are  in  another  case,  where,  for 
instance,  the  delivery  of  pure  water  is  readily  obtained  by  gravity. 

A  change  of  water  rates  by  the  city  council  affects  the  revenue  of 
the  company.  Therefore,  the  city  can,  on  the  capitalization  plan, 
easily  control  the  supposed  value  of  a  plant  to  the  company  unless 
such  a  change  is  prevented  by  contract.  A  reduction  of  the  rates  can 
cheapen  and  an  increase  can  raise  the  value.  Injustice  may  there- 
fore be  easily  done  to  either  party. 

A  capitalization  of  the  income  from  scheduled  rates,  therefore, 
presents  numerous  difficulties  in  the  way  of  reaching  a  fair  valuation, 
and  allows  judgment  to  become  unnecessarily  obscured.  This  method, 
should,  therefore,  not  be  favored  whenever  a  better  one  may  be  sub- 
stituted. 

In  his  method  of  capitalization  the  author  makes  no  discrimination 
between  perishable  and  more  i)ermanent  works.  In  the  speaker's 
opinion,  the  repayment  of  bonds  should  be  based  upon  the  life  of  the 
work  for  the  payment  of  which  they  have  been  issued.  Bonds  repre- 
senting machinery  and  the  distribution  system  should  be  given  a 
shorter  term  than  those  representing  land,  right  of  way,  water  rights 
and  large  reservoirs,  and,  irrespective  of  the  time  limit,  bonds,  for  in- 
stance, on  real  estate,  can  be  placed  at  a  lower  rate  of  interest  than 
bonds  on  machinery  and  ijijjing. 

A  city  can  borrow  money  at  a  lower  rate  of  interest  than  a  company. 
Therefore,  when  a  capitalization  is  based  on  the  interest  paid  by  cities, 
the  valuation  will  be  higher  than  when  it  is  based  on  the  higher  rate 
usually  paid  by  companies.  In  some  cases,  this  difference  has  been 
overlooked,  to  the  detriment  of  the  citizens.  When  a  city  has  ex- 
hausted its  borrowing  powers,  it  is  benefited  by  a  company  furnishing 
the  means  to  carry  out  public  works,  and  is  willing  to  pay  a  higher  rate 
of  interest  for  the  assistance,  but,  after  paying  this  higher  rate,  it 
should  not  be  called  upon  to  pay  the  greater  capital  due  to  its  own 
better  ci'edit,  but  the  lesser  capital,  dxae  to  the  credit  of  the  company, 
to  which  through  the  water  rates  it  paid  a  greater  interest. 

Although  the  capitalization  principle  when  applied  to  water-works 
may  be  just  when  the  rates  are  fair  and  reasonable,  yet  in  order  to 
determine  whether  they  are  fair  and  reasonable,  the  cost  of  the  water- 
works and  of  their  o2)eration  must  be  known.  This  cost,  then,  should 
be  determined  in  any  event,  and  if  so,  it  is  right  to  take  it  at  once  as 
the  basis  of  valuation. 


142  DISCUSSION"   ON   WATEK-WORKS   VALUATION. 

Cost  of  Construction  and  Establishment  Less  Depreciation. — A  valuation 
based  on  the  original  cost,  including  the  establishment  of  the  works 
and  ordinary  repairs,  but  deducting  for  depreciation,  is  not  ajjproved 
by  the  author,  nor  should  it  be.  The  uncertainties  may  be  about  as 
great  as  in  the  former  case,  if  it  is  considered  that  the  works  are  some- 
times at  once  bonded  for  the  cai^italized  value  of  the  expected  income, 
rather  than  the  actual  cost.  Nor  is  it  always  possible  to  ascertain  this 
actual  cost,  and  it  must  then  be  estimated  on  data  aj^plicable  at  the 
time  of  constriiction. 

The  actual  cost  of  a  property  years  ago  is  not  a  true  measure  of  the 
present  value  to  its  holder.  Certain  moneys  may  have  been  spent  in- 
judiciously, leaving  him  no  value  whatever.  He  may  not  even  have 
had  control  of  the  original  expenditure,  and  why  should  a  purchaser 
pay  for  the  errofs  made  by  others?  The  true  measure  can  only  be  the 
present  market  value,  if  this  term  is  properly  interpreted.  Contrary 
to  the  author,  the  speaker  thought  there  ought  to  be  no  difference 
whether  errors  originally  made  were  wilful  or  not.  If  they  are  errors 
at  all,  they  should  be  corrected  in  the  valuation. 

Reproducing  Works,  Allowing  for  Depreciation. — A  valuation  based 
on  the  present  cost  of  diii^licating  the  works  is,  in  the  speaker's  opinion, 
a  safer  and  more  equitable  method  than  the  former  one.  He  cannot 
agree  to  the  assertion  of  the  author  regarding  this  case,  that  no  com- 
pany would  invest  money  for  building  up  a  business  and  accept  but  a 
scrap  value  for  the  plant  and  business.  A  company  is  supposed  to 
know  what  it  may  eventually  be  obliged  to  accept,  according  to  the 
terms  of  its  own  contract.  It  therefore  has  arranged  its  original  bid 
and  its  business  conduct  so  as  to  come  out  whole  and  with  profit  at  the 
termination  of  the  contract. 

In  comparison  with  the  former  method  it  gives  a  lower  valuation, 
because  the  cost  of  materials  and  labor  have  generally  declined  dur- 
ing the  last  twenty  years,  and  because  unknown  conditions  then  ex- 
isting are  ignored.  It  increases  the  valuation  because  there  are  now 
more  streets  opened  and  leaved,  more  railroads  and  other  improve- 
ments which  add  to  the  expense  of  construction,  and  because  there  has 
been  a  general  rise  in  the  value  of  real  estate. 

The  uncertain  factor  in  this  method  is  the  deterioration  of  the  pip- 
ing. Its  life  depends  on  the  original  quality  of  the  material  and 
workmanship,  on  the  character  of  the  coating,  the  soil  in  which  the 
pipes  are  laid,  and  the  water  which  flows  through  them.  Pijjes  have  in 
recent  years  also  been  subject  to  corrosion  by  electrolysis  near  electric 
railways,  unless  protected.  They  will  last,  as  a  rule,  from  twenty  to  sixty 
years.  In  order  to  estimate  more  closely  their  probable  life,  inquiry 
should  be  extended  in  these  directions  as  far  as  practicable,  and  as  many 
actual  examinations  ryiade  as  may  be  deemed  necessary.  The  deteriora- 
tion of  hvdrants,  valves  and  machinerv  is  more  easilv  determined. 
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It  should  be  remembered  that  this  factor  of  deterioration  applies  Mr.  Hering. 
equally  in  every  other  method  of  valuation;  therefore,  also,  when  cap- 
italizing the  net  revenue.     The  sinking  fund  should  be  adjusted  so  as 
to  provide  for  the  replacement   of,   or  payment   for,   all   perishable 
material  in  due  time. 

The  author  thinks  the  rejection  of  small  pipe  from  the  assets  of  the 
company  is  not  just.  This  may  or  may  not  be  so.  If  these  pipes  are 
no  longer  of  use  by  failing  to  give  adequate  pressure  or  quantity  of 
water,  even  when  reinforced  at  all  available  points,  then  they  must  be 
taken  out  and  replaced  by  other  pipes.  They  have  then  only  a  scrap 
value.  Where  a  small  pipe  continues  to  be  useful  or  can  be  made  so 
by  reinforcement,  it  certainly  has  a  value  by  taking  the  place  of  a  pipe 
that  would  have  to  be  laid  in  its  i>lace.  The  original  value  has  been 
decreased  only  by  deterioration,  Avhich  has  made  its  life  corresijond- 
ingly  shorter. 

If  for  financial  reasons  a  small  pipe  was  originally  used,  it  must  be 
assumed  that  a  suitable  compensation  has  thereby  been  obtained. 
When  the  franchise  expires  the  pipe  has  served  its  purpose,  and  if  it 
has  no  further  intrinsic  value,  no  payment  ought  to  be  justly  asked 
for  it. 

To  arrive  at  a  fair  valuation,  a  discrimination  should  be  made  as  to 
whether  or  not  the  rates  have  been  sufficient,  in  addition  to  paying  for 
economical  running  expenses,  to  provide  also  for  a  sinking  fund  which 
would  return  the  invested  cajiital.  If  the  water  rates  were  so  high 
that  the  capital  has  been  returned,  then  the  citizens  are  entitled  to 
this  benefit  and  should  receive  the  works  at  a  mere  noipinal  sum.  If 
the  rates  were  not  high  enough  to  permit  the  entire  capital  to  be  re- 
turned, and  some  of  it  is  still  secured  by  the  existing  real  projDerty, 
then  the  citizens  can  be  eqiiitably  asked  to  pay  the  sum  which  is  suffi- 
cient to  remove  the  indebtedness.  An  increase  over  such  figures 
represents  a  bonus  to  the  company,  to  which  it  may  or  may  not  be 
entitled. 

It  has  been  said  that  the  cost  of  securing  and  establishing  a  profit- 
able business  of  supplying  citizens  with  water  and  of  securing  their 
patronage,  should  be  paid  for  by  the  citizens.  This  is  undoubtedly 
true  and  fair,  but  the  cost  has  been  or  should  have  been  covered  by 
the  schedule  of  water  rates;  a  further  allowance  at  the  end  of  the  term 
would  then  be  its  duplication. 

It  has  also  been  said  that  the  losses  of  interest  during  construction, 
and  insufficient  revenue  during  the  first  few  years,  should  be  specially 
paid  for;  also  the  risk  owing  to  uncertainty  as  to  the  city's  growth  and 
the  direction  of  its  expansion,  and  a  depreciation  in  the  price  of  mate- 
rial and  labor  since  the  Avorks  were  constructed;  but,  again,  a  company 
should  have  aimed  to  adjust  its  schedule,  so  that  it  could  pay  for 
these  contingencies,  and  a  further  allowance  would  be  a  duplication. 
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Mr.  Hering.  Whatever  risk  there  is  in  building  up  a  Avater-works  i)lant,  it  should 
be  allowed  for  in  the  schedule  of  rates,  unless  the  contract  provides 
for  the  contrary  and  si^ecities  a  payment  for  it  directly  or  indirectly 
when  the  franchise  terminates.  Unless  there  is  this  provision,  it  is 
not  to  be  supposed  that  such  a  payment  is  relied  upon. 

Nevertheless,  there  is  an  element  of  fairness  in  a  company's  claim- 
ing a  somewhat  greater  capital  than  can  be  obtained  only  by  the 
above-mentioned  proceedings.  There  is  a  difierence  in  the  relationship 
of  a  water-works  company  to  a  city,  and  in  that  of  two  parties,  each  of 
which  is  wholly  independent  of  the  other.  If  a  city  wishes  to  own  its 
water-works,  it  can  usually  choose  to  buy  the  company's  works  or  to 
build  new  ones,  but  a  company  may  then  have  an  unfair  alternative. 
It  must  either  sell  its  more  or  less  efficient  plant  to  the  city  or  sell  it 
to  a  scrap  dealer.  It  may  deserve  the  latter  fate,  or  it  may  not.  If  it 
does  not,  and  its  rates  have  been  fair  and  the  service  good,  the  citizens 
should  be  willing  to  give  a  bonus,  and  pay  for  at  least  as  much  of  the 
plant  as  can  still  be  used  by  the  city. 

There  is  one  feature  which  gives  this  method  of  valuation  a  dan- 
gerous aspect,  in  case  it  has  been  agreed  upon  in  the  contract  as  a 
mode  of  paying  for  the  proj^erty.  It  is  meritorious  only  when  the 
works  have  been  economically  designed  and  built;  but,  with  a  view  to 
such  a  settlement,  the  company  may  have  undertaken  extravagant  ex- 
penditures for  works  in  directions  where  it  could  secure  a  special  profit 
for  itself,  and  which,  by  contract,  the  city  would  be  obliged  to  pay  for, 
withoiit,  perhaps,  needing  the  additional  works  at  all.  Barring  this 
contingency,  the  method  appeared  to  the  sjseaker  to  be  a  fair  and 
equitable  one. 

Valuation  of  Parts  of  Plant  Useful  in  New  Works. — When  a  franchise 
has  expired  and  there  exist,  by  reason  of  contract  or  under  general  laws, 
no  further  obligations  between  city  and  company,  then  it  would  ap- 
pear that  the  fourth  and  last  method  mentioned  at  the  outset,  of 
ascertaining  the  value  of  existing  water-works,  is  the  only  proper  one. 
It  is  based  on  the  supposition  that  the  city  has  plans  made  for  a  new 
and  modern  system  of  water  sui^i^ly,  up  to  date  in  every  particular, 
and  with  a  suitable  provision  for  future  requirements.  Then,  if  the 
existing  works,  or  any  part  thereof,  or  any  property  of  the  company, 
can  be  utilized  or  embodied  in  the  new  system,  such  works  or  property 
should  be  taken  and  paid  for  at  fair  market  rates,  in  view  of  the  fact 
that  in  case  of  rejection  thei-e  would  be  an  actual  destruction  and  loss 
of  something  that  without  question  has  some  real  value.  From  the 
l^remises,  it  is  to  be  supposed  that  by  the  expiration  of  the  franchise, 
the  money  expended  for  property  that  is  useful  only  for  purposes  of 
water  supply  has  been  returned  to  the  company.  Then  any  sale  to 
the  city  of  such  property  would  be  a  clear  gain  to  the  company.  Keal 
estate,  being  useful  for  other  purposes,  has,  of  course,  a  market  value 
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independent  of  any  moral  or  other  obligations  pertaining  to  a  water-  Mr.  Hering. 
works  transfer. 

Conclusion. — In  conclusion,  it  appears  that  either  estimating  the 
present  cost  of  reproducing  similar  works,  when  those  existing  as  a 
whole  are  to  be  turned  over  to  the  city,  or  the  present  cost  of  repro- 
ducing only  those  jiarts  which  can  be  embodied  in  a  new  system  to  be 
built  by  the  city,  furnishes  the  fairest  and  most  equitable  means  of 
valuation  when  the  franchise  has  expired  and  no  further  obligations 
exist  between  the  parties. 

There  is  no  dependence  placed  either  upon  human  judgment  when 
verification  is  impracticable,  or  iipon  human  actions  when  they  can- 
not be  controlled.  There  are  but  few  elements  of  uncertainty,  and 
these  are  substantially  confined  to  estimating  the  cost  of  construction, 
maintenance  and  operation,  and  of  the  rate  of  depreciation  of  materials 
and  machinery. 

It  is  right  to  assiime  that  such  estimates  of  cost,  whether  of  exist- 
ing or  projected  works,  made  by  intelligent  and  experienced  engineers, 
will  be  reasonably  correct  within  a  few  points  of  i^erceutage,  and  that 
they  can  be  verified  to  any  extent  that  may  be  desirable.  It  is  right 
to  assume  further  that  the  character  and  rate  of  depreciation  can  be 
ascertained  within  reasonable  limits  by  a  close  examination  or  test  of 
the  works  as  they  exist,  both  under  and  above  ground. 

By  such  methods,  the  speaker  believed,  the  actual  net  value  of  ex- 
isting water-works  can  be  obtained  with  the  least  sacrifice  of  definite- 
ness,  accuracy  and  fairness. 

Charles  E.  Emery,  M.  Am.  Soc.  C.  E. — The  paper  points  out  Mr.  Emery, 
clearly  the  multiplicity  and  complexity  of  the  considerations  which 
surround  this  important  subject.  It  is  difficult  at  first  sight  to 
analyze  a  method  different  from  that  which  one  is  accustomed  to 
employ,  so  the  speaker  stated  the  i^rinciples  which  he  considered  ap- 
plicable to  such  a  case. 

If  a  private  water  comjjany  has  pre-empted  the  only  desirable 
source  of  supply  for  a  city,  the  water  may  have  a  very  high  value  as 
water,  entirely  indei^endent  of  the  ^ilant  and  charter  of  the  company. 
This  case  will  not  be  considered.  If,  however,  other  sources  are 
available,  and  the  city  can  put  in  a  satisfactory  plant  in  competition 
with  the  private  company,  equity  would  seem  to  require  that  the  com- 
pany be  paid  only  the  present  value  of  what  it  would,  with  reasonable  • 
certainty,  earn  with  its  resources  as  they  are  or  may  be  improved  dur- 
ing the  term  of  the  charter.  If  the  city  is  not  growing  and  the  water 
rates  are  fair,  it  may  be  possible  to  agree  ui^on  a  certain  state  of  facts. 
For  instance,  the  income  in  the  future  may  be  assumed  the  same  as  in 
a  particular  year  of  ojieration  which  is  known.  With  an  established 
plant,  also,  the  operating  expenses  and  cost  of  maintenance  will  have 
l>ecome  known,  and  if  it  ajjpears  jirobable  that  the  yearly  maintenance 
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Mr.  Emery,  charges  will  be  sufficient  to  maintain  the  plant  during  the  remainder 
of  the  charter  term,  the  oi^erating  exj^enses  and  maintenance  may  be 
considered  constant,  and,  when  subtracted  from  the  gross  income,  will 
give  a  net  income  assumed  to  be  constant.  The  actual  cost  of  the 
plant  from  one  point  of  view  is  not  important,  as  it  may  be  urged  that 
a  wise  operator  Avould  depreciate  the  plant  on  the  books  of  the  com- 
pany to  correspond  to  changes  of  value.  There  may  be  excei^tions  to 
this  rule,  but  in  general  it  is  desirable  to  compare  the  cost  of  a  plant 
with  the  amount  which  would  be  required  to  replace  it.  The  old  plant 
will  not  be  as  good  as  a  new  one,  but  this  will  have  been  provided  for 
by  the  deduction  from  the  gross  earnings  of  a  proper  annual  sum  to 
maintain  the  old  plant.  Remembering  that  with  the  exception  of  real 
estate  the  old  plant  will  be  practically  scrap,  of  little  value  at  the  end 
of  the  term,  it  follows  that  if  a  new  plant  will  be  better  at  the  end  of 
the  term,  or  either  plant  is  to  be  kept  for  continuous  use  or  a  longer 
term,  the  expenditure  therefor  is  for  the  benefit  of  such  longer  term, 
and  therefore  the  cost  should  not  be  charged  against  the  short  term. 
Finally,  by  these  methods  of  reasoning  two  quantities  will  be  deter- 
mined, viz. ,  the  net  earnings,  which  will  be  called  F^,  and  the  present 
estimated  value  of  the  plant  independent  of  the  franchise,  which  will 
be  called  G.  These  two  quantities,  if  assumed  to  be  constant  for  the 
remainder  of  the  term,  are  sufficient  to  determine  the  present  value  of 
the  plant  and  franchise.  It  is  an  evident  business  proposition  that  the 
private  owners  have  a  capital  invested  equal  to  C,  and  that  for  the 
period  of  their  franchise  they  should  charge  this  capital  with  interest. 
By  the  assumption  that  the  capital  in  the  plant  would  equal  zero  at 
the  end  of  the  term,  it  must  be  made  good  by  a  sinking  fund  which 
will  produce  that  amount  at  that  time.  The  present  value  of  the  plant 
and  franchise  is,  then,  first,  the  jn-esent  value  of  an  annuity,  equal  to 
the  net  annual  earnings  decreased  by  the  interest  and  payment  to  the 
sinking  fund,  plus  the  present  value  of  the  capital  at  the  end  of  the 
term.  In  the  beginning  the  comjaany  owns  the  capital  invested  in  the 
plant  and  the  prosj^ective  earnings  due  to  the  charter.  At  the  end  it 
has  its  capital  in  cash  and  accumulated  earnings  generally  in  excess  of 
the  amount  required  to  pay  for  the  use  of  the  capital  and  the  sinking 
fund  to  jireserve  it.  These  considerations  are  simply  expressed  by 
formulas. 

Let  C  =  the  present  estimated  value  of  the  plant,  independent  of 
franchise; 

E  =  net  earnings,  or  gross  earnings,  less  operating  expenses,  and 
maintenance,  independent  of  interest; 

Ji  =  rate  of  interest,  percentage; 

t  =  term  in  years ; 

S  =  sinking  fund  factor,  percentage,  which  it  is  fair  to  derive  from 
the  tables  for  a  half  year  less  than  the  total  term; 
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P  =  present  value  of  an  annuity  of  81  for  the  given  term;  Mr. Emery. 

Q  =  present  value  of  $1  at  compound  interest  for  t  years; 
F=  the  award,  or  the  pi*esent  valuation  of  the  plant  and  fran- 
chise. 

Then  v=P  (^E-^^G^+qa 

Equitably  the  jilant  is  worth  to  the  private  owner  as  much  as  it 
would  be  to  the  city,  so,  assuming  that  the  rate  of  interest  R  equals 
4i%,  the  other  values  dependent  thereon  will  be  found  to  be,  for  a 
period  of  <  =  20  years  :  ,P  =  13.59. ;  *S  =  3.348;  §  =  0.4564.  Or  for  4.% 
interest  and  a  period  of  20  years, 

Fj  =  13.59  J57— 0.5422  C. 

If  F,  =  C,  then  E^  =  0.1135  C. 

That  is,  if  the  net  income  £"18  less  than  ll.do^Jo  of  the  value  C  of 
the  plant,  independent  of  franchise,  the  continued  operation  of  the 
plant  would  be  at  a  loss;  that  is,  it  would  pay  a  lower  rate  of  interest 
than  assumed,  and  the  present  value  Fof  the  jilant  and  franchise  at 
the  end  of  the  term  would  be  less  than  the  appraised  value  of  the 
plant  alone.  In  such  case,  it  would  seem  equitable  to  pay  the  ap- 
praised value  of  the  plant. 

Applying  this  formula  to  the  Kansas  City  case,  for  which  G  = 
U  230  000  and  E  =  $272  763,  Fwill  be  found  to  be  equal  to  83  039  957, 
as  against  §2  905  GOO  given  in  the  paper.  Applying  the  formula  to  the 
Syracuse  case,  given  m  the  paper,  for  which  G  =■  8852  775  and  E  = 
$82  036,  V  =  8652  494  instead  of  8876  640  shown  by  the  formula  given 
in  the  paper.  For  the  first  case,  then,  the  calculated  award,  by  the 
formula  above  given,  is  more  than  double  the  estimated  value  of  the 
plant;  whereas,  for  the  second  case,  the  calculated  award  is  less  than 
the  value  of  the  plant.  In  the  former  case,  the  net  earnings  are  more 
than  11.35^0  of  the  cost  of  plant;  in  the  latter  case,  less  than  such  per- 
centage of  the  cost.  If  the  principles  stated  are  to  govern,  the  award 
for  the  plant  and  franchise,  in  the  second  case,  should  have  equaled 
the  value  of  the  plant  only,  though,  of  course,  an  argument  would  be 
available  that  such  award  should  have  been  less.  Such  a  result  can 
only  be  secured  by  irrational  assumptions,  in  the  first  place.  Water 
supply  systems  are,  in  general,  jiroiitable,  and  the  j^rofit  usually  in- 
creases from  year  to  year.  It  would,  therefore,  seem  necessary  to  base 
future  profits,  not  on  the  actual  profits  received  up  to  the  time  of  con- 
demnation, but  to  make  allowance  for  the  increased  demand  for  water, 
due  to  the  growth  of  the  city,  which  w^ould  result  in  additional  i^rofit, 
part  of  which  would  necessarily  go  to  jsay  interest,  etc.,  on  increased 
capital.  Generally,  therefore,  the  conditions  would  be  more  compli- 
cated than  those  assumed  in  the  author's  paper  and  in  the  preceding 
calculations.  The  considerations  are  still  more  complex  where  the 
charters  are  renewable  by  easily  fulfilled  conditions  or  were  originally 
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Mr.  Emery,  good  for  forty  or  fifty  years.  In  siicli  cases,  where,  by  the  increase  of 
population,  the  charters  are  very  valuable,  counsel  for  the  municipali- 
ties are  particularly  urgent  to  contine  the  value  to  the  amounts  that 
have  been  expended  and  earned  rather  than  to  prospective  earnings. 
The  basing  of  an  award  largely  on  reasonable  prospective  earnings  has 
not  yet  been  sustained  in  the  state  of  New  York  by  the  courts,  but  the 
principle  has  been  established  in  other  states  and  in  the  Supreme 
Court  of  the  United  States.  The  speaker,  as  a  member  of  a  commis- 
sion, held  this  view  in  an  imj^ortant  case,  but  was  overruled  by  the  ma- 
jority, and,  as  the  case  finally  went  to  the  IJnited  States  Supreme 
Court,  it  was  sujiposed  it  would  settle  the  law  in  this  state.  The 
original  award  was  sufficient  to  pay  the  bonds,  and,  as  the  stock  was 
largely  distributed.  apj)arently  the  bondholders  controlled  the  litiga- 
tion and  concluded  not  to  risk  another  trial  on  the  facts,  and  though 
appeals  were  taken,  possibly  to  appease  the  stockholders,  a  mere  tech- 
nical question  was  argued,  and  the  law  in  this  state  as  to  prospective 
profits  I'emains  in  as  jjerplexing  a  condition  as  before. 

The  formula  presented  gives  as  the  value  of  the  award  a  sum  ^134  957 
more  than  that  of  the  author's  formula  in  his  first  case,  and  S224  146 
less  in  the  second  case.  Evidently  both  formulas  cannot  be  right.  At 
fii'st  sight  it  would  seem  that  the  author's  view  is  correct;  that  it  would 
be  economical  for  a  city  to  purchase  a  plant  at  a  price  upon  which  the 
earnings  would  pay  the  interest  and  a  conti'ibution  to  a  sinking  fund 
to  replace  the  entire  award  in  twenty  years.  The  difficulty  is  that  an 
amount  due  in  twenty  years  is,  at  4:%,  only  worth  to-day  45.64%  of 
its  face  value,  and  the  awards  by  the  author's  formula,  if  reduced  to 
that  extent,  would  be  much  less  than  those  deduced  from  the  formula 
presented  by  the  sjieaker.  The  conception  in  the  paper  is,  therefore, 
erroneous,  notwithstanding  that  fortuitously  it  gives  results  approxi- 
mating the  actual  awards  in  the  two  cases.  The  Constitution  of  the 
United  States  provides  for  "  just  compensation,"  and  the  owner  should 
not  be  forced  to  take  less  than  he  would  reasonably  realize  on  the 
property.  The  cost  to  him  would  be  the  interest  and  the  contribution 
to  the  sinking  fund  on  the  capital  he  had  invested,  not  on  what  the 
city  chose  to  pay  for  it,  and  if  the  owner  charges  such  interest  and 
sinking  fund  contribution  against  the  profits,  thereby  making  his 
capital  good,  the  amount  he  would  have  received  if  he  had  kept  on 
with  his  work  would  be  the  present  value  of  the  excess  of  profits  and 
the  present  value  of  the  capital  at  the  end  of  the  term,  exactly  as 
illustrated  by  the  equations  presented. 
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CORRESPONDENCIi;. 


H.  F.  Dunham,  M.  Am.  Soc.  C.  E. — The  author  states,  concern-  Mr.  Dunham, 
ing  the  early  expense  of  building  up  a  private  water-works  business, 
"such  expenditures  properly  made  *  *  *  certainly  constitute  a 
legitimate  expense  in  building  up  a  business  of  water  purveyor,  for 
which  there  should  be  in  some  manner  a  resulting  compensation." 
This  seems  evident  enough,  and  the  compensation  should  be  sought 
where  the  value  exists.  In  the  cultivation  of  a  fruit  tree,  for  instance, 
a  wise  selection  of  soil  and  shelter  with  careful  attention  to  quality 
and  symmetry,  and  a  certain  measure  of  good  luck  in  regard  to  con- 
ditions not  well  understood  by  any  one,  may  secure  the  growth  of  an 
exceptionally  valuable  tree.  That  value  is  seen  in  the  thrift  and  vigor 
of  the  tree  as  well  as  in  the  fruit  it  bears  in  any  jiarticular  season. 
It  is  not  different  with  a  water-works  plant.  The  net  revenue  from 
the  Kansas  City  works  in  1893  was  $272  763.42.  What  was  it  in  1888, 
1883  or  1873?  Can  any  one  fairly  approximate  the  value  of  such  jjrop- 
erty  without  taking  this  element  of  growth  of  net  income  into  account? 
Would  it  not  be  quite  natural  to  trace  out  the  line  given  by  the  annual 
increments  in  the  net  revenue,  and  note  its  curvature  and  direction? 
That  line  might  be  found  to  inchide  a  sinking  fund  in  its  margin,  and 
to  offer  a  better  index  for  future  considerations  than  one  could  expect 
when  trying  to  adjust  water  rates  by  the  falling  off  of  cost  of  material 
in  the  following  decade. 

Edmund  B.  Weston,  M.  Am.  Soc.  C.  E. — The  writer  considers  the  Mr.  We.ston. 
paper  an  important  move  towards  the  proper  estimation  of  the  value 
of  water- works  property,  provided  the  schedule  of  water  rates  is  not 
excessive,  the  rate  of  interest  upon  the  investment  and  the  rate  of  in- 
terest that  the  invested  sinking  fund  will  draw  conform  to  the 
experience  of  the  locality  where  the  water-works  are  located,  and  the 
duration  of  the  franchise  be  given  careful  consideration. 

Several  months  ago  the  writer  made  an  estimate  of  what  the  Prov- 
idence Water- Works,  which  were  practically  completed,  at  a  net  cost 
of  ^4  473  008,  in  1876,  could  be  built  for  in  1897.  The  net  cost  of  the 
water-works  to  January  1st,  1897,  is  !g6  270  074,  and  the  writer's  esti- 
mate of  the  cost  of  building  the  works,  as  they  existed  on  that  day,  is 
i4  008  000,  and  the  worth  of  the  works,  not  considering  a  franchise, 
m  607  000. 

The  gross  earnings  of  the  works  for  the  year 

1896 were ^485  187.33 

The  maintenance 58  228 .  45 

The  net  earnings 426  958.88 

The  average  rate  of  interest  upon  the  Providence  water  loans  at 
the  present  time  is  about  5%,  and  a  fair  estimate  of  what  an  invested 
sinking  fund  would  draw  can  be  considered  as  3  per  cent. 
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Mr.  Weston.  Applviiifj;  the  form  of  equation  suggested  by  the  author,  taking 
into  account  the  figures  just  given,  and  assuming  the  sinking  fund 
is  limited  to  twenty  years: 

^    ,^^426958880  _  57 

50  +  36.13 
and  the  annual  cost  of  operation  based  on  these  figures  is: 

Maintenance $58  228.45 

Interest  at  5%  on  $4  957  000 247  850 . 00 

Sinking  fund  at  3%  to  pay  off  m  957  000  in 

twenty  years 179  096 .41 


^485  174.86 


In  the  writer's  equation,  $36.13  represents  the  annual  contribution 
to  the  sinking  fiand  per  $1  000  at  3%  for  twenty  years,  computed 
annually. 
Mr.  Allen.  Kenneth  Allen,  M.  Am.  Soc.  C.  E. — The  conclusions  arrived  at 
by  the  author  apj^ear  sound.  He  finds  the  most  eqiiitable  basis  of  valua- 
tion of  a  water-works  plant  to  be,  not  its  original  cost,  nor  its  gross 
revenue,  nor  the  capital  cost  of  reconstruction,  but  its  net  revenue, 
due  allowance  being  made  for  prospective  as  well  as  current  earnings, 
the  plant  being  considered  as  a  revenue-bearing  commodity.  Where 
the  net  revenue  is  approximately  constant  from  year  to  year,  or  sub- 
ject only  to  uniform  or  gradual  variations,  this  is  readily  obtained  by 
capitalizing  the  gross  receipts,  less  the  annual  charges  for  mainte- 
nance, renewals,  sinking  fund  and  interest.  To  express  this  in  a  con- 
cise form,  if  .^•  is  the  capitalized  value  of  the  property,  R  is  the  net 
earnings  per  annum,  r  is  the  rate  per  cent,  interest  on  the  debt  per 
annum,  and  ?-^  is  the  rate  jser  cent,    payment  to   sinking   fund  per 

annum;  then  x  ^= ,  . 

r  +  r' 

In  certain  cases,  however,  it  may  be  found  i^ractically  imj^ossible 

to  adhere  strictly  to  the  foregoing  rule;  for  example,  where  either  the 

income  or  expense  account  is  subject  to  large  or  unforeseen  variations, 

a  condition  which  it  may  have  been  impossible  to  anticipate  at  the 

time  when  the  rates  were  established,   or  where  the  records  either 

have  been  destroyed  or  are  known  to  be  false.     In  such  cases  it  would 

be  necessary  to  determine  upon  a  hypothetical  income   as  a  basis, 

something  which  would  probably  be  difficult  to  reach  satisfactorily. 

Another  case  is  that  of  a  plant  faulty  in  design  or  inefficient  in  some 

particular,  as  from  a  decreasing  supply  of  water.     Here  a  valuation 

on  net  revenue  would  not  be  equitable,  because  the  rates,  which  are  a 

function  of  the  revenue,  have  been  based  upon  assumptions  which 

have  been  proved  false.     Under  such  circumstances  a  proper  valuation 

might  be  reached  by  finding  the  net  revenue  accruing  from  a  hypo- 
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thetical  sclieclule  of  equitable  rates,  or  else  on  the  present  net  revenue  Mr.  Allen, 
diminished  by  annual  charges  for  interest  and  sinking  fund,  which 
would  be  required  after  making  necessary  improvements.  Similar 
recourse  would  also  be  had  where  the  plant  is  as  yet  undeveloped, 
where  perhaps  no  income  has  so  far  accrued,  or  where,  for  the  future, 
it  is  quite  problematical. 

If  it  should  be  found  impracticable  to  determine  on  such  hypo- 
thetical values  for  the  bases  of  calculation  it  is  believed  that  while 
much  must  be  left  to  the  good  judgment  of  the  referees,  the  cost  of 
reconstruction  will  be  found  an  important  factor  of  the  solution. 
For  reasons  stated  by  the  author  it  would  be  unwise  to  guarantee  to 
the  promoters  this  basis  of  settlement  at  the  inception  of  the  work, 
while  on  the  other  hand  the  risks  assumed  by  them  should  be  con- 
sidered. Again,  due  allowance  should  be  made  for  the  efficiency  or 
deficiencies  of  the  existing  plant. 

To  arrive  at  a  perfectly  equitable  valuation  under  these  circum- 
stances would  be  exceedingly  difficult  in  any  case,  but  it  is  suggested 
that  where  the  net  revenue  either  does  not  exist  or  is  unobtainable, 
the  cost  of  reconstruction  may  serve  at  least  as  the  controlling  factor 
in  the  solution  of  the  riddle. 

RoBEKT  MooEE,  M.  Am.  Soc.  C.  E.  — The  commissioners  for  the  ap-  Mr.  Moore. 
praisal  of  the  Kansas  City  water-works,  of  whom  the  writer  was  one, 
reached  a  valuation  of  ^2  546  112,  by  estimating  as  well  as  they  could 
under  the  circumstances  the  cost  of  replacing  the  plant  by  another  in 
all  respects  equally  efficient.  As  a^jplied  to  real  estate  occupied  by 
the  works  this  estimate  gave  an  amount  much  greater  than  first  cost. 
As  ajiplied  to  the  buildings,  pijies  and  machinery  this  method  gave  an 
amount  which  was  no  doubt  much  less  than  first  cost.  The  commis- 
sioners, however,  took  into  account  the  fact  that  the  plant  was  in 
actual  operation  with  an  established  business  and  a  long  list  of  jiatrons, 
and  added  to  the  cost  of  replacement,  which  included  a  liberal  allow- 
ance for  contingencies,  an  allowance  for  interest  on  the  investment  for 
a  time  long  enough  to  enable  the  business  to  reach  the  jjoint  at  which 
it  was  found. 

From  the  nature  of  the  case  such  an  estimate  cannot  be  exact.  A 
reasonable  approximation  is  all  that  is  jjossible,  but  the  method  fol- 
lowed in  this  case  is,  in  the  writer's  view,  the  correct  one.  No  com- 
modity can  possibly  be  worth  more  than  the  cost  of  replacement,  nor 
can  a  business  be  worth  more  than  the  outlay  of  time  and  money  which 
would  be  necessary  to  re-establish  it  upon  the  same  basis  as  at  the 
time  of  the  valuation. 

In  the  Kansas  City  case,  as  in  most  similar  cases,  the  franchise  had 
expired,  and  the  city  had  refused  to  renew  it.  The  company  had  there- 
fore no  right  to  continue  the  business  at  all.  The  one  thing  to  be 
valued  was  the  property  in  working  order  with  the  private  attachments 
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Mr.  Moore,  all  made,  aud  a  body  of  patrons  ready  to  take  water.  The  value  of  all 
this  was  the  amount  of  money  it  would  have  cost  the  city  at  the  time 
of  the  transfer  to  replace  the  property  in  the  same  condition  in  which 
it  was  actually  found. 

The  problem  of  valuation  in  this  and  like  cases  involves,  therefore, 
as  already  intimated,  a  summation  of  the  following  elements: 

Fh'sf.  — A  valuation  of  the  real  estate  owned  and  occupied. 

Second. — An  estimate  of  the  amount  of  money  necessary  to  replace 
the  plant,  including  buildings,  reservoii-s,  machinery,  pipes,  etc.,  in 
its  present  physical  condition,  exclusive  of  interest. 

Third. — Interest  on  this  amount  during  the  time  which  would  ordi- 
narily and  reasonably  be  required  for  construction. 

Fourth. — A  further  allowance  of  interest  for  such  additional  time 
as  would  probably  be  required  to  work  up  the  business  to  the  same 
standard  as  that  found  at  the  time  of  the  transfer. 

These  estimates  and  allowances  should  all  be  made  ujjon  a  fair  and 
reasonable,  or  even  liberal,  basis;  but  when  so  made,  everything  has 
been  done  which  either  justice  or  equity  requires. 
Mr.  Crowell.  FosTEK  CKOWELii,  M.  Am.  Soc.  C.  E. — The  subject  of  water- works 
valuation,  as  the  author  has  well  said ,  is  one  of  rapidly  increasing  im- 
portance. It  never  has  reached  the  stage  where  well-settled  principles 
are  generally  recognized,  chiefly  perhaps  because  when  cities  have 
sought  to  purchase  existing  plants  in  the  absence  of  a  controlling 
agreement,  there  usually  have  been  imj^ortant  technical  questions  in- 
volved which  have  been  considered  paramount,  and  it  is  extremely 
difficult  to  dissociate  the  questions  of  cost  and  value.  Such  ques- 
tions as  first  cost,  or  the  present  cost  of  duplication,  or  the  comparative 
excellence  of  the  original  design  and  construction,  or  some  other  sim- 
ilar question,  undoubtedly  in  many  minds  constitute  elements  of 
value,  but  really  they  do  not;  incidentally  they  may  often  throw  light 
on  the  jjarticular  problem,  but  they  are  not  essential  elements  in  the 
computation  of  value. 

The  essential  elements  are  as  follows: 

(1)  Service  capacity,  present  and  ultimate. 

(2)  Working  efficiency,  as  developed  by  past  operation  and  tests. 

(3)  Effective  durability. 

(4)  Net  revenue  at  present  time  and  the  reasonably  jjrobable  in- 
crease. 

From  these  four  elements  can  be  determined: 

(a)  The  economy  and  jjrolit  of  present  plant,  to  the  owner. 

(6)  Future  results  of  operation  by  the  city. 

(c)  Probable  life  of  the  several  parts  of  the  plant. 

(d)  Cost  of  necessary  renewals  exclusive  of  ordinary  repairs  (which 
are  chargeable  to  maintenance)  within  definite  psriods. 

(e)  Incidental  saving  of  water  rates  at  present  i^aid  by  city. 
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The  object  of  this  discussion  is  to  arrive  at  the  basis  of  the  real  Mr.  Crowell. 
value,  if  possible,  aod  that  real  value  must  be  the  same,  whether  the 
property  changes  hands  or  not;  in  other  words,  other  things  being  the 
same,  the  value  as  at  jn-esent  is  the  same  to  the  city  as  to  the  jjresent 
owners,  all  things  being  considered. 

It  may  be  necessary  to  point  out  why  the  questions  of  first  cost,  or 
of  cost  of  duplication,  have  really  nothing  to  do  with  the  value;  per- 
haps this  can  best  be  done  by  a  simple  illustration  or  two.  First,  take 
the  case  of  a  system  composed  entirely  of  a  pumping  station  and  dis- 
tributing pipes;  if  the  engine  and  boilers  are  antiquated  and  the 
pipes  of  insufficient  capacity,  it  makes  no  difference  how  much  they  cost, 
or  what  their  present  excellence  of  condition  may  be;  their  measure  of 
value  is  the  margin,  if  any,  between  the  exiJenses  of  operation  and  the 
revenue  derived  therefrom.  Nor  is  the  cost  of  duplicating  that  system 
to  be  considered,  for  the  reason  that  a  similar  system  would  not  be 
desirable,  and  would  produce  no  better  or  different  results.  Suppose 
the  case  of  a  gravity  system  composed  of  reservoirs  and  conduit  built 
in  the  best  manner,  and  of  the  most  durable  materials,  under  excep- 
tionally good  and  economical  management,  and  at  the  lowest  jirices; 
8upi)ose,  further,  that  it  has  a  large  factor  of  efficiency  and  is  of  suffi- 
cient cai3acity  for  a  large  future  increased  service;  here,  manifestly, 
the  first  cost  would  by  no  means  fully  represent  its  value.  The  same 
remarks  apply,  on  one  side  or  the  other,  to  all  works,  and  the  only  true 
measure  of  value,  in  the  writer's  judgment,  is  their  earning  capacity  in 
the  light  of  present  experience  and  reasonable,  not  sjseculative,  future 
expectations. 

Returning,  then,  to  the  direct  topic,  the  five  determinations  previ- 
ously named  may  be  regarded  as  factors  in  the  final  computation  of 
value  to  the  city,  that  is,  of  the  price  the  city  should  pay,  which  may 
be  a  less  or  a  greater  sum  than  the  present  owner's  past  profits  would, 
by  themselves,  establish.  To  elucidate  this  point,  the  factors  c  and 
f/ must  be  first  ftudied,  and  the  latter  represented  by  the  amount  of 
the  annual  payments  to  a  sinking  fund,  or  funds,  computed  for  the 
definite  period,  or  periods,  in  which  the  renewals  of  special  parts  of  the 
plant  will  be  required;  next  /;  and  e  must  be  taken  uja,  and  the 
average  conditions  in  resj^ect  to  them  which  will  probably  prevail 
during  the  said  periods  be  estimated,  and  combined  with  a.  From 
this  a  basis  for  capitalization  is  obtained,  which,  roughly  stated,  is  as 
follows:  Capitalization,  at  "^"  per  cent.,  of  the  assumed  net  annual 
revenue  from  operation,  less  annual  payments  to  depreciation  sinking 
funds. 

So  far  it  is  a  question  of  value,  pure  and  simjjle,  which  is  the  first 
and  most  essential  thing  to  be  determined.  The  further  question  of 
providing  for  the  means  and  manner  of  payment  by  the  city  is  an  en- 
tirely distinct   one,   and  not  relevant  to  the  first.      The  value  is  not 


154  COERESPO^STDENCE   ON   WATEK-AVORKS   VALUATIOX. 

Mr.  Crowell.  afifected,  whetlier  the  city  jjay  cash  or  issue  bonds,  or  whether  the 
latter  run  for  twenty  years,  or  thirty  years,  or  fifty  years,  or  whether 
the  rate  of  interest  on  the  bonds  is  high  or  low,  or  whether  or  not  a 
sinking  fund  is  established  to  extinguish  the  bonds.  All  such  con- 
siderations are,  of  coiirse,  vital,  but  they  are  financial  ones  and  do 
not  touch  the  matter  of  value,  though  they  have  a  very  important 
bearing  on  thp  question  whether  the  city  can,  at  the  given  time, 
afford  to  make  the  purchase.  So,  also,  the  questions  of  equity  and 
good  faith  that  may  be  involved  in  the  past  operations  and  enter- 
prise by  the  water- works  owners  are  not  to  be  ignored.  For  instance, 
if  the  water  company  has  been  compelled  by  force  of  circumstances 
to  make  a  large  provision  for  the  future,  and  if  the  city  would  have 
had  to  act  similarly  had  it  been  in  the  company's  place;  or  if  the 
analysis  shows  that  the  provision  which  has  been  made  for  future 
requirements  in  excess  of  immediate  needs,  while  not  compulsory, 
will  be,  in  the  end,  economical;  in  either  such  case  the  value  of  the 
future  provision  should  be  included  in  the  valuation.  On  the  other 
hand  if  there  has  been  premature,  unnecessary  or  extravagant  ex- 
penditure for  future  provision,  that  should  not  be  considered  as  an 
element  of  value. 

The  data  in  the  i^aper  are  not  sufficient  to  enable  the  writer  to 
apply  definitely  this  method  of  computation  to  the  two  cases  given, 
of  Kansas  City  and  Syracuse,  but  if  it  is  assumed  that  the  por- 
tions of  the  Kansas  City  plant  which  will  have  to  be  renewed  in 
twenty  years  are  worth  82  000  000,  then,  by  this  method,  the  valua- 
tion, allowing  for  a  depreciation  sinking  fund  at  4:%  and  twenty 
years,  would  be  S3  4:25  345.98,  which  is  14^^  greater  than  the  value 
fixed  by  the  court  of  final  resort,  as  stated  by  the  author  of  the 
paper.  The  same  method  applied  to  the  Syracuse  case  on  the  sup- 
position that  the  renewals  in  twenty  years  would  amount  to  8500  000, 
would  give  a  valuation  about  25%  greater  than  the  award  confirmed 
by  the  court. 

It  may  be  objected  to  this,  that  the  assumption  of  probable  cost  of 
renewals  in  twenty  years,  as  above  taken,  is  too  great;  that  is  probably 
so,  but  it  is  evident  that  any  reduction  in  the  amount  increases  the 
present  value  of  the  plant.  It  is  the  judgment  of  the  writer  that  upon 
the  evidence  of  the  data  given,  so  far  as  it  goes,  both  the  cities  named 
made  very  excellent  bargains. 

The  author  has  very  conveniently  introduced  formulas  into  the 
paj^er  which  materially  simplify  the  study  of  the  cases  cited,  and  it  is 
a  commendable  example  to  follow,  which  is  the  writer's  excuse  for 
contributing  one  not  readily  found.  It  was  devised  by  him  some  years 
ago  to  remove  the  terrors  of  the  operation  of  compiiting  a  sinking 
fund  off' hand;  it  will  be  found  applicable  to  all  cases,  and  very  con- 
venient in  this  connection. 


CORRESPONDENCE   ON   WATER-WORKS   VALUATION.  155 

If  p  equals  tlie  amount  of  eacli  equal  payment.  Mr.  Crowell. 

A       "         "   interest  earned  by  one  unit  of  value  at  the  given  rate 
of  interest,  during  tlie  interval  between  the  suc- 
cessive payments. 
n       "         "   number  of  equal  payments. 
F      "         "    fund  to  be  produced. 
Then, 

Peter  MiiiNE,  Assoc.  Am.  Soc.  C.  E. — The  writer  has  read  the  jiaper  Mr.  Milne, 
with  more  than  usual  interest  because  he  was  engaged  on  behalf  of  the 
water-works  companies  as  an  expert  in  both  the  Kansas  City  and 
Syracuse  cases  referred  to  by  the  author.  The  study  of  the  subject 
leads  naturally  to  what  may  be  considered  a  proper  course  of  procedure 
in  order  to  reach  a  satisfactory  valuation  of  water-works  property. 
The  subject  may  be  arranged  in  the  light  of  exj)erience  as  follows: 
Fii-st,  the  tangible  property  and  its  value;  second,  the  franchise  prop- 
erty and  its  vahie;  third,  the  dual  relation  of  the  tangible  jjroperty 
and  the  franchise  i)roijerty;  fourth,  expert  testimony  and  its  effect  in 
evidence;  fifth,  composition  of  courts  or  commissions  of  arbitration. 

The  Tangible  Property  and  its  Value.-  One  method  of  procedure  is  to 
consider  the  original  cost  of  the  jjlant,  minus  its  depreciation  by  age 
and  use,  plus  the  expenditure  embracetl  in  the  repair  account,  that  is, 
the  natural  wear  and  tear  incident  and  inevitable  in  the  administration 
of  the  plant.  The  character  of  construction  undoubtedly  affects  the 
cost  of  repairs.  If  the  plant  be  inefiSciently  planned  and  constructed, 
the  cost  of  repairs  is  excessive  in  order  to  sustain  a  degree  of  efficiency 
compatible  with  requirements.  If  planned  and  constructed  with  care, 
the  cost  of  rejjairs  will  be  correspondingly  low.  Another  method  of 
procedure  is  to  consider  what  it  may  cost  to  duplicate  the  plant.  This 
may  be  considered  more  difficult  in  view  of  many  arbitrary  conditions 
connected  with  the  construction  of  the  original  plant  which  may  be 
overlooked  in  the  j^reparation  of  the  estimate  of  cost  to  duplicate  it. 
However,  the  life  period  of  a  plant  may  largely  determine  in  the  mind 
of  an  expert  to  what  extent  in  equity  unusual  conditions  and  extra 
expense   incident    to    development    and    re-enforcement    should    be  ^ 

recognized  in  the  final  estimate  of  cost  of  duplication  of  i^lant. 

The  thoiight  and  study  of  an  engineer  has  evolved  a  plan  for  con- 
struction of  water-works;  a  gradual  consummation  of  the  plan  is 
accomplished  during  intervals  in  a  period  of  twenty  years  or  more. 
This  cost  of  the  work  may  or  may  not  be  ignored  or  unfairly  considered 
in  an  estimate  of  the  cost  of  duplicating  the  original  plant.  Again,  in 
estimating  the  cost  of  duplicating  a  plant,  many  features  of  additional 
cost  are  made  evident  that  had  no  existence  during  the  time  of  con- 
struction of  the  original  plant.      A  period  of  time  has  elapsed  during 
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Mr.  Milne,  which  avenues  and  streets  have  been  opened  and  paved,  sewers,  tun- 
nels and  other  kindred  improvements  have  been  constructed.  The 
additional  cost  of  duplicating  a  plant  under  new  conditions  may  or 
may  not  be  ignored  or  unfairly  considered. 

Value  of  Franchise.  —The  value  of  a  franchise  is  determined  by  its 
earning  power  and  the  time  limit  in  which  it  may  exercise  this  earning 
power.  More  or  less  risk  attends  the  early  exercise  of  franchise 
privileges  in  the  development  of  the  earning  power.  The  greater  the 
duration  of  the  time  limit,  the  more  opportunity  there  is  for  investors 
to  obtain  a  return  of  the  original  cajaital,  with  annual  interest-paying 
dividends.  Yearly  increase  of  hydrant  rental,  water  rents  and  water 
rates  are  the  result  of  increase  of  population,  which  increases  the  con- 
sumption of  water  for  all  purposes.  The  chief  infirmity  associated  with 
and  incident  to  water- works  franchises  is  manifest  in  the  exercise  of  a 
false  economy  in  administration  in  order  to  obtain  the  highest  returns 
for  the  lowest  possible  outlay.  This  is  frequently  demonstrated  by 
the  fact  of  an  inadeqitate  water  supply,  insufficient  to  meet  the  grow- 
ing demands  of  the  consumers  and  to  provide  adequate  fire  jDrotection. 
There  is  nothing  so  unfortunate  for  the  owners  of  a  water-works 
franchise  as  to  be  placed  in  the  position  of  failing  to  meet  contract  re- 
quirements in  this  respect,  and  but  one  example  is  sufiicient  to  impair 
the  confidence  of  the  municipal  authorities  and  the  consumers  in  the 
ability  of  the  company  to  safeguard  their  interests.  A  yearly  franchise 
is  not  likely  to  encourage  a  liberal  outlay  of  capital  for  investment, 
for  reasons  manifestly  obvious,  particularly  the  risk  of  change  of 
municipal  administration  controlling  franchise  renewals.  A  long-time 
franchise  is  advantageous  for  the  city  and  the  water-works  company, 
provided  it  is  framed  equitably  and  fairly  for  both  parties.  Its  likeli- 
hood to  yield  a  lair  return  for  a  number  of  years  is  based  upon  a  law 
of  the  average  increase  of  business,  contingent  upon  the  location  of 
the  city,  which,  of  course,  aftects  its  growth  and  development.  Figures 
of  the  ratio  of  increase  of  population  are  important  in  this  respect  and 
require  careful  application. 

Dual  Relation  of  the  Tayigible  Property  and  Franchise. — The  dual 
relation  of  franchise  property  and  tangible  proj^erty  may  be  admitted 
as  a  reasonable  and  logical  one.  The  tangible  property  cannot  be 
operated  without  the  franchise.  The  franchise  may  have  a  value  with- 
out the  operation  of  the  tangible  property.  This  value,  however,  is  not 
established  or  determined  until  the  tangible  property  is  located  and 
operated.  A  franchise  by  itself  has  a  speculative  value  only.  Its  real 
value,  therefore,  is  contingent  upon  the  method  of  administration  of 
the  tangible  ju-operty.  The  measure  of  i^rivileges  guaranteed  by  a 
franchise  determines  a  range  of  values.  A  franchise  may  be  unique, 
for  the  reason  that  the  conditions  of  operation  under  i^hysical  circum- 
stances affecting  the  sources  of  supply  and  ownershii^  establish  a  value 
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independent  of  its  connection  with  any  system  of  distribution  operated  Mr.  Milne, 
under  a  francMse.  Soiirces  of  supply  of  water  and  location,  liability 
of  pollution  and  contamination,  deterioration  and  diminution  of 
sources  of  supply,  ownershiiJ  of  water-shed,  population  of  water-shed, 
water  rights  and  privileges,  all  of  these  features  arbitrarily  enter  more 
or  less  into  the  calculation  of  franchise  values  according  to  conditions 
and  circumstances. 

Expert  Testimony.^lt  is  the  duty  of  the  expert  to  dissect  and 
analyze  the  entire  system  of  a  water- works  plant,  to  be  not  only  familiar 
but  intimate  with  the  constituent  elements  of  material  used  and  char- 
acter of  construction  of  the  eomidete  water-works  plant,  as  well  as  the 
methods  of  its  administration  of  business.  It  is  for  him  to  determine 
correct  values  by  observation  and  long  years  of  practice  in  his  pro- 
fession as  an  engineer  in  charge  of  construction  and  administration  of 
water  supply  and  distribution,  recognizing  and  calculating  the  me- 
chanical infirmities  and  the  depreciation  and  deterioration  of  the  appar- 
atus and  materials  used  in  construction.  The  exjjert's  knowledge  may 
determine  an  accurate  value  commensurate  with  his  exi^erience,  pro- 
vided the  same  is  intensely  practical  and  has  covered  a  range  of  cases 
sufficient  to  show  to  his  mind  that  no  iron-clad  rule  is  to  be  applied  to 
all  cases.  The  testimony  of  experts  frequently  conflicts,  sometimes 
honestly,  sometimes  owing  to  a  gi-eater  range  of  knowledge  of  the  one 
set  over  against  a  lesser  range  of  knowledge  of  the  other.  Assumption 
and  presumption  will  not  avail.  The  employment  of  a  first-class  ex- 
pert, in  advance  of  bringing  a  disjiuted  case  before  a  court  or  board  of 
arbitrators,  saves  time,  money  and  often  reputation. 

Composition  of  Court  or  Commission  Appointed  to  Arbitrate. — The 
unique  and  complex  character  of  a  water-works  company  controversy 
naturally  carries  the  consideration  of  the  case  before  a  special  com- 
mission appointed  by  competent  authority  to  take  testimony.  Various 
opinions  are  expressed  as  to  the  composition  of  such  commissions.  It 
would  seem  proper  that  not  less  than  three  nor  more  than  five  jjersons 
should  be  appointed;  five  would  be  better  for  prudential  reasons,  to 
provide  for  the  case  of  disability  by  accident  or  death.  Vacancies 
should  be  filled  by  the  appointing  power  or  court.  It  would,  in  view 
of  many  features  of  diversity  of  testimony,  inevitable  in  water-works 
controversies,  seem  proper  and  reasonable  to  make  a  selection  as  fol- 
lows: If  the  commission  is  composed  of  three  men,  it  should  com- 
prise an  able  and  prominent  jurist,  an  able  water- works  engineer,  and 
a  prominent  and  responsible  business  man;  if  composed  of  five  men, 
add  two  prominent  and  responsible  business  men. 

C.  Palmek,  M.  Am.  Soc.  C.  E. — In  a  discussion  of  this  kind,  one  of  Mr.  Palmer, 
the  controlling  considerations  is  the  life  of  the  plant.     Pumping  and 
distrilmtion  systems  are  of  such  recent  date  that  there  is  little  infor- 
mation on  that  point  in  their  case.     It  may  be  doubted  whether  there 
is  a  system  in  the  country  that  has  reached  its  age  limit. 
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Mr.  Haiiiier  It  may  be  assumed,  however,  that  a  private  company  would  exer- 
cise its  best  judgment  in  constructing  its  plant  in  such  a  manner  and 
of  such  material  as  would,  with  the  least  outlay,  maintain  it  in  ser- 
viceable condition  during  the  life  of  the  franchise.  No  plant  is  built 
where  a  preliminary  examination  has  not  shown  that  it  would  earn 
such  a  revenue  as  would  make  the  investment  desirable,  interest  on 
cost,  sinking  fund  and  maintenance  being  taken  into  account.  In  the 
consideration  of  this  question,  it  is  difficult  to  see  what  capitalization 
has  to  do  with  it.  It  is  a  mere  question  as  to  the  rate  of  interest  the 
plant  will  earn  on  the  cost  of  its  construction  and  maintenance.  That 
rate  of  interest  is  the  measure  of  its  market  value  and  it  has  no  other  ; 
and  that  value  will  be  more  or  less  than  the  cost  of  the  plant,  as  the 
current  interest  rate  is  less  or  more  than  the  plant's  earning  power. 

In  the  case  of  a  negotiation  for  a  sale  of  the  property  from  one  pri- 
vate owner  to  another,  the  intending  purchaser  might  or  might  not 
take  into  account  the  consideration  of  permanent  maintenance.  At 
the  expiration  of  the  franchise  the  life  of  the  property  would  be  from 
one-halt  to  three-fourths  exhausted,  and  it  is  natural  to  suppose  the 
owner  would  expend  the  least  possible  amount  for  maintenance,  trust- 
ing that  the  remaining  life  of  the  property  would  sell  it  to  the  munici- 
pality at  that  time.  In  case  of  a  valuation  made  when  the  property  is 
to  pass  from  private  to  municipal  ownership,  due  weight  should  be  _ 
given  to  the  character  of  the  maintenance  the  private  owner  has  con- 
tributed to  it,  as  well  as  to  the  fact  that  its  life  is  one-half  to  three- 
fourths  exhausted,  and  that  the  municipality  must  provide  for 
permanent  maintenance. 

By  life  of  the  plant  is  meant  not  only  the  time  during  which  the 
material  shall  become  physically  exhausted,  which  may  be  taken  at 
fifty  years,  i^erhaps  an  overestimate,  but  its  modification  as  affected 
by  change  of  growth,  which  will  materially  shorten  the  time.  Neglect- 
ing systems  that  include  reservoirs  of  greater  or  less  caj^acity,  which 
are  j)ractically  permanent,  and  complicate  the  estimate,  and  referring 
to  those  in  which  the  bulk  of  the  property  is  represented  by  the  power 
plant,  pumps,  piping  and  stand-pipes,  it  is  believed  that  the  entire 
jilant  will  be  rebuilt  every  forty  years,  some  of  its  parts  at  shorter 
intervals. 

The  writer  has  no  information  regarding  the  cases  cited  in  the 
paper  except  what  is  given  there,  but  will  assume  that  the  valuations 
were  made  at  the  expiration  of  the  franchise,  say  twenty  years  from 
the  time  the  plants  were  built.  This  leaves  twenty  years  as  the  pro- 
bable life  of  the  plants,  which  corresponds  with  the  time  at  which  the 
author  assumes  the  purchase  bonds  Avill  mature.  The  cost  of  a 
new  plant  for  Kansas  City  is  estimated  by  the  city's  experts  at 
$2  002  434,  and  it  is  assumed  that  a  sinking  fund  equal  to  one- 
twentieth  of  that  sum  shall  be  provided  each  year.     This  method  as- 
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sumes  that  the  sinking  fund  will  be  applied  each  year  to  the  reduction  Mr.  Palmer, 
of  the  principal  ;  hence  the  interest,  say  5%,  will  be  reduced  to  2i% 
on  the  whole  amount  for  the  full  time.     The  account  would  stand  thus: 

Net  revenue §272  763 

Interest  on  S2  002  434  at  2^% S50  061 

Sinking  fund 100  122 

S150  183 
Surplus .?;122  580 

That  is  to  say,  the  jilant  for  the  last  twenty  years  of  its  life,  will 
earn  6^%  on  its  cost,  or,  if  the  current  interest  rate  is  5%,  its  market 
value  is  ^2  451  600. 

It  is  interesting  to  follow  this.  At  the  expiration  of  this  twenty 
years,  the  plant  must  be  rebuilt;  practically,  the  process  has  already 
begun.  The  new  plant  will  last  forty  years,  and  forty-year  bonds  will 
be  issued. 

The  sinking  fund  will  be ^50  061 

Net  revenue $272  763 

Interest 50  061 

Sinking  fund     50  061 

$100  122 
Surplus $172  641 

Hence,  for  this  forty-year  period  of  municii^al  ownership,  the  plant 
will  earn  8. 6%  on  its  cost,  or  with  money  at  5%"  its  market  value  is 
83  452  820,  an  average  for  the  sixty  years  of  $2  952  210.  For  the  next 
forty  years  the  market  value  would  be  the  same,  an  average  for  one 
hundred  years  of  $3  119  080. 

It  is  generally  a  fact  that  water-works  comi^anies  figure  on  getting 
their  money  back  with  interest  during  the  life  of  their  franchise,  and 
all  they  get  in  addition  from  the  sale  of  the  projjerty  is  clear  gain.  The 
Syracuse  plant,  at  $900  000  for  its  first  cost,  earns  $82  036  net.  Inter- 
est at  6%  is  $54  000,  or  a  net  surplus  of  $28  036,  which  would  extin- 
guish the  principal  in  nineteen  years,  taking  into  account  the 
application  of  the  surplus  each  year  to  reduce  the  principal.  The 
city  gets  the  property  and  miist  look  out  for  maintenance. 

Richard  W.  Sherman,  M.  Am.  Soc.  C.  E. — As  it  is  hardly  jjossible  Mr.  Sherman, 
that  exactly  the  same  rule  can  be  justly  applied  in  determining  the 
value  of  any  two  water- works  plants,  and  as  widely  different  condi- 
tions usually  distinguish  one  case  from  very  many  others  of  the  same 
nature,  the  impossibility  of  an  equitable  uniform  rule  is  apparent. 

Where  no  iirovisions  applicable  to  the  valuation  of  the  jilant  have 
been  made  by  either  franchise  or  contract  between  the  municipality 
and  corporation  owning  the  water-works  plant,  it  seems  to  the  writer 
that  a  uniform  principle,  not  rule,  might  be  applied.  If  the  investors 
place  their  capital  in  the  plant,  receiving  stock  or  bonds,  or  both,  of 
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Mr.  Sherman,  the  face  value  of  their  cash,  and  there  be  no  scheme  connected  with 
the  contracts  for  construction  affording  exorbitant  profits,  then  the 
water  rates  shouhl  be  such  as  will  maintain  the  i^hysical  condition  of 
the  property,  pins  operating  expenses  and  a  fair  return,  say  6%  on  the 
capital.  If  the  rates  will  not  do  this,  then  they  are  too  low  and  should 
be  increased.  If,  however,  the  water  rates  yield  a  sum  which  will  pay 
operating  expenses,  maintain  the  physical  condition  of  the  projaerty 
and  pay  a  return  on  the  cajiital  largely  in  excess  of  6%,  then  the  water 
rates  are  too  high  and  should  be  projjerly  reduced.  If  in  either  of 
these  cases,  without  a  change  in  the  former  water  rates,  the  property 
wei-e  condemned  for  public  use,  it  would  not  be  right  to  determine  the 
value  by  capitalizing  the  net  earnings;  for,  in  the  first  case,  honest 
capital  would  be  unjustly  treated,  and,  in  the  other  case,  the  muni- 
cipality would  i3ay  an  exorbitant  price  for  the  plant.  In  determining 
the  value  of  the  plant,  therefore,  its  actual,  fair,  honest  cost  to  its 
owners  should  be  carefully  determined  as  nearly  as  may  be  possible, 
and  shoiild  be  the  basis  for  determining  the  sum  which  the  munici- 
pality should  pay  to  the  stock  coi'poration  owning  the  works  for  its 
property.  The  cost  of  a  duplicate  plant,  new,  at  prices  prevalent  at 
the  time  of  the  condemnation  proceedings,  would  not  have  an  equit- 
able bearing  in  determining  the  value  of  the  property,  as  its  cost  to 
the  owners  might  have  been  either  more  or  less  than  would  be  the  cost 
of  duplication.  The  writer  thinks  there  should  be  neither  profit  nor 
loss  to  the  owners  on  this  account,  supposing,  of  course,  that  the 
physical  condition  of  the  property  has  been  well  maintained.  If  the 
owners  have  allowed  a  serious  depreciation  in  physical  condition  by 
reason  of  a  greed  for  excessive  return  on  capital  invested,  a  sum  suffi- 
cient to  restore  the  property  to  proper  conditions  should  be  deducted 
fi'om  what  would  otherwise  be  its  fair,  honest  cost  to  the  owners. 

In  condemnation  proceedings,  it  should  be  borne  in  mind  that  it  is 
a  sale  forced  ui^on  the  owners  at  a  price  determined  by  i^rocess  of  law, 
depriving  them  of  their  laroperty  against  their  will.  In  such  matters 
the  principle  of  equity  should  govern,  with,  perhaps,  a  shade  of 
liberality  to  the  owners.  In  connection  with  this  subject,  it  may  be  of 
interest  to  members  to  whose  attention  the  matter  has  not  come  to  know 
that  a  bill  is  pending  in  the  New  York  Legislature  prohibiting  muni- 
cipalities from  duplicating  water-works  and  some  other  plants  owned 
under  franchises  from  such  municipalities,  and  requiring  in  all  cases 
where  municii^al  ownership  is  to  follow  stock  corporate  ownership  that 
the  municipality  shall  acquire  such  property  by  condemnation.  Such 
an  enactment  would  properly  protect  stock  corporations  owning  water- 
works plants  from  the  very  unjust  hazard  they  have  heretofore  existed 
under,  of  having  the  value  of  their  property  nearly  destroyed  by  a  muni- 
cipality constructing  and  operating  competing  works.  The  proposed 
law  is  a  just  and  i^roper  provision,  which  should  be  promptly  enacted. 
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James  D.  SchuyxiEK,  M.  Am.  Soc.  C.  E. — The  author  has  argued  Mr.  Schuyler, 
the  qiiestion  of  the  valuation  of  water-works  in  an  able  and  ingenious 
manner  from  the  standpoint  of  the  water  company  seeking  to  derive 
the  utmost  advantage  in  dealing  with  a  municipality  about  to  acquire 
its  system  of  works,  but  there  are  considerations  to  be  advanced  on 
the  part  of  the  public  which  should  be  given  due  weight.  When,  for 
example,  the  franchise  of  a  company  has  expired  or  is  about  to  expire, 
and  the  contract  with  the  city  gives  the  latter  an  option  to  purchase 
the  works  "at  a  fair  valuation,"  to  be  fixed  by  arbitration  or  by  any 
other  stipulated  method,  it  would  be  manifestly  unfair  for  the  arbi- 
trators to  take  into  consideration  the  value  of  the  franchise,  or  the 
right  to  do  business,  which  had  been  granted  to  the  company  by  the 
city,  as  that  would  be  equivalent  to  reqiiiring  the  city  to  pay  for  some- 
thing quite  intangible,  a  privilege  which  it  had  once  granted  to  the 
company  (usually  withoiit  money  consideration),  a  privilege  to  which 
the  city  is  already  entitled,  and  which  it  should  not  equitably  be  called 
upon  to  i)ay  for.  In  granting  such  exclusive  privileges  to  a  water 
company,  cities  do  not  bar  themselves  from  going  into  the  same  busi- 
ness of  purveying  water  to  its  citizens,  or,  at  least,  the  writer  has 
never  heard  of  such  an  instance. 

In  such  a  case  it  is  apparent  to  the  writer  that  the  comj^any  has 
really  nothing  to  sell  to  the  municipality  other  than  the  plant  which 
it  has  constructed  and  used  during  the  term  of  its  franchise  or  legal 
existence,  and  the  question  of  water  rates  or  the  interest  or  dividends 
which  the  plant  has  paid  out  at  any  time  is  not  one  to  be  equitablv 
considered.  The  company,  having  sought  the  franchise,  and  enjoyed 
the  fruits  of  the  exclusive  ijrivilege  granted  under  it,  should  be  con- 
tent to  surrender  it  and  I'etire  from  business  when  the  city  elects  to 
take  advantage  of  its  ojjtion  and  take  over  the  plant  on  a  valuation 
which  should  be  based,  in  the  opinion  of  the  writer,  upon  the  original 
cost,  less  an  amount,  to  be  determined,  for  depreciation,  depending 
upon  the  use  the  plant  has  had,  the  age  and  condition  of  the  jaijjes,  etc., 
and  their  probable  term  of  usefulness.  There  may  be  some  difficulty 
in  arriving  at  the  exact  first  cost  in  case  the  company  refuses  to  permit 
its  books  to  be  inspected,  while  the  amount  of  dej^reciation  is  a  matter 
of  judgment  and  expert  opinion.  That  there  should  be  such  a  deduc- 
tion for  depreciation  cannot  be  questioned,  as  it  would  be  manifestly 
unfair  to  pay  the  amount  of  first  cost  for  a  second-hand  plant  that  had 
become  obsolete,  at  least  in  some  of  its  jjarts,  and  must  have  cost  more 
than  it  could  be  duplicated  for  with  new  material  throughout.  In 
most  cases  the  cost  of  duplication  at  the  present  time  of  any  plant 
built  twenty  to  thirty  years  ago,  and  added  to  from  time  to  time  to 
date,  would  be  lower  than  the  first  cost  after  deducting  wear  and  tear 
and  dei^reciation. 

The  author  says:    "It  is  clear  that  the  original  cost  or  the  bare 
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Mr.  Schuyler,  cost  of  duplicating  a  water-works  projjerty  is  not  of  itself  a  measure 
of  the  value  of  that  jiroperty.  Its  present  value  embraces  both  the 
value  of  the  plant  and  the  business  resulting  from  the  use  of  the  plant. 
Together  they  constitute  a  single  commodity." 

Is  it  not  jjertinent  to  inquire  who  furnished  this  business?  Is  it  not 
the  prospective  purchaser,  in  the  case  of  the  people  acting  through 
their  city  coimcil.  and  why  should  they  be  asked  to  purchase  a  busi- 
ness which  they  themselves  supply?  This  might  be  a  good  argument 
and  a  projjer  basis  for  figuring  in  case  of  a  proposed  transfer  from  one 
one  water  company  to  another,  but  it  surely  has  no  weight  when  the 
people  seek  to  manage  their  own  business  aifairs.  They  do  not  need 
to  purchase  their  own  good-will,  and  ought  not  to  be  asked  to  pay  for 
the  business  which  supplying  their  own  wants  affords. 

When  the  City  of  Portland,  Ore.,  acquired  the  plant  of  the  City 
Water  Company  in  1886,  the  comi^any  valued  the  works  at  about 
^900  000,  while  the  water  committee's  estimate  of  diiplicating  the 
plant  was  about  $350  000.  After  much  negotiation,  covering  nearly  a 
year's  time,  and  after  the  committee  had  begun  work  on  a  new  plant 
to  parallel  the  old  one,  a  compromise  was  finally  eifected,  and  the 
works  were  purchased  at  $464  550.  The  committee  immediately  cut 
the  rates  in  half,  and  the  first  year  cleared  $50  502  over  all  operating 
expenses.  Had  the  rates  been  unchanged,  the  net  revenue  would 
have  been  sufficient  to  pay  5%  interest  on  nearly  $3  000  000.  Had 
the  business  been  taken  into  consideration  in  this  case,  as  suggested 
by  the  author,  and  the  plant  valued  upon  its  caiiitalized  value  as  an 
interest-paying  institution,  the  city  would  have  been  called  upon  to 
pay  nearly  nine  times  the  cost  of  duplicating  the  old  works;  or  had 
the  value  been  determined  by  capitalizing  gross  earnings,  after 
deducting  operating  and  maintenance  expense,  according  to  the 
method  which  is  evidently  preferred  by  the  author,  the  valuation 
would  have  been  $1  612  000,  nearly  double  the  greatest  sum  asked  for 
by  the  water  company,  or  four  and  one-half  times  the  cost  of  dupli- 
cation. 

Some  years  ago  a  suit  was  brought  by  a  Californian  Avater  company 
against  the  city  which  it  was  supplying,  to  set  aside  an  ordinance 
adopted  by  the  council  fixing  water  rates  for  the  ensuing  year  (the 
constitution  of  California  requiring  that  water  rates  shall  be  fixed 
in  the  month  of  February  of  each  year),  on  the  ground  that  it  did  not 
afford  a  rate  sufficient  to  yield  reasonable  interest  upon  the  value  of 
the  property.  The  expert  employed  by  the  company  to  value  the 
plant  testified  to  a  very  high  valuation,  greater  than  cost,  and  one  of 
the  largest  items  of  his  estimate  of  value  was  that  of  water-rights, 
which  he  figured  out  by  an  ingenious  method  about  as  follows: 

Assuming  the  value  of  water  delivered  to  the  highest  levels  to  be  6 
cents  per  1  000  galls  ,  and  the  cost  of  pumping  it  to  be  3  cents,  and  the 
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consumption  1  500  000  galls,  per  day,  tlie  diflference  between  cost  and  Mr.  Schuyler. 

value,  cajntalized  at  6%,  would  give  the  water -right  value  at  ^273  750, 

the  water-right  consisting  of  a  number  of  wells  in  the  sandy  bed  of  a 

creek  that  was  dry  on  the  surface  for  many  months  of  the  year.     The 

figures  given  may  not  be  the  exact  figures  used  in  the  testimony,  but 

they  serve  for  illustration.    A  casual  inspection  will  show  their  fallacy, 

as,  by  assuming  the  facts,  the  figures  may  be  juggled  to  any  degree, 

and  without  using  an  extravagant  value  in  the  computation  for  water 

delivered  to  the  highest  levels  or  an  abnormally  low  cost  of  pumi3ing, 

the  water-right  might  be  carried  into  the  millions,  or  many  times  the 

cost  of  the  entire    plant.     The   basis  of  valuation   suggested  by  the 

author  woiild  seem  to  be  subject  to  a  similar  juggling. 

Had  the  water  company  in  the  case  above  cited  acquired  a  monopoly 
of  the  only  possible  water  supply  available  for  the  community  (a  con- 
dition which,  fortunately,  rarely  if  ever  prevails),  the  value  of  the  real 
estate  on  which  the  springs,  wells,  reservoirs  or  sources  of  supply 
were  located  would  be  measurably  affected  by  this  circumstance,  and 
would  doubtless  be  appraised  at  a  high  rate.  Where  other  sources 
can  be  reached  by  the  expenditure  of  capital  for  their  development  and 
there  is  no  monojjoly  of  the  element  which  the  community  is  obliged 
to  have,  the  valuation  to  be  placed  upon  the  water-rights  should  equit- 
ably be  fixed,  in  the  opinion  of  the  writer,  at  a  nominal  figure,  and  the 
real  estate  covering  the  soixrces  of  siipply  rated  upon  the  basis  of  its 
availability  for  other  jjurposes. 

The  very  fact  that  the  life  of  a  water- works  franchise  is  usually 
limited  to  a  comparatively  short  period  of  years  when  the  business 
harvest  can  be  reaped,  and  the  investment  is  necessarily  subjected  to 
the  uncertainties  of  arbitration  at  the  end,  in  fixing  the  price  to  be  re- 
ceived by  the  company,  should  be  considered,  commercially,  as  con- 
stituting a  bar  to  high  valuation  of  the  property,  and  act  as  the  most 
serious  element  of  dei^reciation.  This  would  be  the  case  as  between 
two  individuals  or  two  comjjanies,  and  the  jjeople,  incorporated  as  a 
municii^ality,  should  be  able  to  take  advantage  of  the  conditions  de- 
pressing the  real  value  of  the  property  they  are  about  to  purchase 
quite  as  approiJriately  as  an  individual  would. 

Tlje  city  of  Los  Angeles  is  at  jjresent  (April,  1897)  passing  through 
the  very  stage  of  its  history  which  renders  this  discussion  apropos,  as 
the  franchise  of  the  water  company  will  expire  in  a  few  months,  the 
people  and  the  council  are  anxious  to  jjurchase,  extend  and  improve 
the  works,  and  the  water  committee  of  the  council  is  engaged  in  an  en- 
deavor to  ascertain  the  true  vahiation  of  the  jjlant.  There  has  been 
no  suggestion  of  a  basis  of  compromise  such  as  that  proposed  by  the 
author,  of  value  deduced  from  gross  earnings  capitalized  after  deduct- 
ing operating  expenses,  etc.,  but  simply  what  the  pipes,  etc.,  are  worth 
as  parts  of  a  new  and  improved  system. 
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Mr.  Raj-mond.  WrLLL\M  J.  RAYMOND,  M.  Am.  Soc.  C.  E. — The  author,  in  referring 
to  errors  of  design  and  construction  impairing  the  efficiency  of  the 
plant,  says  that  these  errors  should  be  treated  differently  according  as 
they  are  wilful  errors  for  speculative  purposes,  or  errors  enforced  by 
lack  of  funds,  or  errors  due  to  unforeseen  changes  of  conditions.  It  is 
not  quite  clear  to  the  writer  that  this  statement  is  sound.  He  does 
not  see  why  a  lame  horse  is  any  more  valuable  for  being  lamed  acci- 
dentally, or  because  of  a  lack  of  money  in  the  pocket  of  his  owner  to 
purchase  a  sound  horse,  than  the  horse  that  has  been  bought  cheap 
because  he  is  lame  and  then  doctored  to  hide  the  lameness  for  a  few 
days  for  the  i^urpose  of  selling  him  at  an  advance. 

It  is  not  clear  from  the  general  equation  on  page  124  how  the  cost  of 
duplication  cuts  any  figure  in  the  final  valuation,  for  the  result  must 
be  the  same  as  by  the  second  method  whether  the  present  value  of 
the  plant  is  ^1  000  000  or  $1.  Yet  it  would  seem  that  the  value  of  the 
plant  should  depend  in  some  degree  on  its  physical  condition  at  the 
time  of  transfer,  as  well  as  on  its  earning  cajjacity  at  that  time.  The 
owner  of  the  gold  mine  which  has  yielded  handsomely  for  several 
years,  who  knows  positively  that  there  is  but  a  small  pocket  of  ore 
left,  is  hardly  justified  in  valuing  his  mine,  even  for  selling  purposes, 
on  a  basis  of  previous  yield.  So  while  the  coming  of  the  end  of  the 
useful  life  of  a  water-works  plant  Avill  probably  be  partly  provided 
for  in  the  valuation  by  an  excessive  maintenance  charge,  still  it  is  de- 
sirable, if  possible,  to  learn  something  more  definite  of  the  probable 
future  life  of  the  plant.  Is  not  this  the  element  to  determine  the 
length  of  time  to  allow  for  the  maturing  of  the  sinking  fund  '? 

Adopting  the  author's  second  method  the  following  seems  just  : 

Assuming  that  the  rates  are  just  and  reasonable,  as  must  be  as- 
sumed if  they  have  been  fixed  by  the  city,  determine  by  investigation 
a  time  that  shall,  after  duly  considering  the  relative  costs  and  adapt- 
abilitv  of  the  various  parts  of  the  system,  fairly  represent  an  average 
future  life  of  the  system,  and  use  this  time  as  the  period  for  the  ma- 
turing of  the  sinking  fund. 

If  the  plant  could  possibly  be  of  such  character  as  to  last  forever, 
would  it  be  wise  to  provide  any  sinking  fund  at  all '?  If  the  theory 
that  future  generations  should  help  pay  for  benefits  provided  for  them 
by  the  present  generation  is  correct,  and  the  writer  thinks  it  is,  who 
shall  say  that  two  generations  shall  jjay  for  benefits  that  last  four 
o-enerations  ?  Where  is  the  obligation  to  help  to  stop  ?  It  seems  to 
the  writer  that  it  should  stop  only  with  the  cessation  of  the  blessing; 
that  is  to  say,  the  proper  time  for  the  maturing  of  a  sinking  fund  is 
the  life  of  the  plant  that  it  is  to  pay  for. 

This  method  would  result  in  a  futiire  life  of  no  years  if  a  plant  is 
practically  worn  oiit,  and  in  a  valuation  of  something  less  than  the 
net  annual  income;  and  this  seems  about  right.     The  better  the  condi- 
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tion  the  plant  is  in,  the  longer  will  be  its  futui*e  life  and  the  conse-  Mr.  Raymond, 
quent  greater  valuation.  If  this  method  was  prescribed  in  the  original 
franchise,  there  would  be  some  incentive  to  keep  the  plant  in  good 
condition.  While  the  future  life  of  a  plant  is  largely  a  matter  of  esti" 
matiou  and  intelligent  guess-work,  is  not  this  method  more  rational 
than  the  arbitrary  assumption  of  any  time  limit,  as  twenty  years,  when 
possibly  a  large  portion,  embracing  the  more  exj^ensive  items  of  the 
plant,  is  already  far  advanced  in  life  ? 

Akthuk  L.  Adams,  M.  Am.  Soc.  C.  E. — The  jsroblem  under  discus-  Mr.  Adams, 
sion  admits  of  too  many  variable  quantities  to  jjermit  of  any  deduc- 
tions  other   than   of  the   most    general   character,    which,  to   be    of 
practical  value  in  each  case  of  attempted  api^lication,   must  be  par- 
tially or  wholly  modified  to  meet  prevailing  conditions. 

The  nature  of  the  conclusions  derived  from  any  discussion  of  this 
question  depends,  of  course,  upon  the  character  of  the  premises;  and 
these  must,  from  the  nature  of  the  subject  and  proper  space  limita- 
tions, embrace  but  a  few  typical  cases.  These,  for  jjresent  puri^oses, 
may  be  stated  as  follows: 

Assume  that  a  city  desires  to  purchase  the  works  at  the  expiration 
of  a  franchise  covering  twenty  years  or  more  at  an  appraised  value,  no 
basis  for  the  determination  of  this  value  being  stijjulated. 

(a)  Franchise  originally  si3ecified  a  maximum  schedule  of  charges, 
subject  to  future  modification  by  the  city  as  equity  might  demand. 

(6)  Franchise  reserves  to  the  city  no  right  to  modify  the  original 
schedule  of  maximum  charges. 

{c)  Franchise  imposes  no  restrictions  upon  the  company  in  matter 
of  charges. 

The  author  has  generally  used  the  expression,  water-works  projj- 
erty,  instead  of  water-works,  or  water-works  plant  ;  but,  as  in  a  few  in- 
stances, he  has  used  the  terms  synonymously,  the  writer  understands 
that  the  question  is  an  open  and  unprejudiced  one  as  to  whether  or  not 
the  business  of  a  water- works  company  is  to  be  considered  an  asset, 
separate,  distinct  and  apart  from  the  plant  itself. 

In  each  of  the  before-mentioned  cases,  the  author  advocates  as 
equitable  a  valuation  determined  by  capitalizing  the  remainder  of  the 
gross  annual  revenue  left  after  deducting  opei'ating  expenses  and  main- 
tenance charges.  Operating  exj^enses  are  specified  as  labor,  supervis- 
ion, costs  of  collection,  fuel,  supplies  and  repairs  necessary  to  keej)  the 
works  in  oj^eration;  maintenance  expenses,  as  a  sinking  fund  sufficient 
to  equal  the  amount  of  the  original  investment  in  twenty  years. 

The  first  very  serious  objection  to  the  plan  suggested  is  that  no  con- 
sideration is  given  to  the  fact  that  the  franchise,  the  hitherto  important 
asset  of  the  company,  upon  which  in  many  cases  bonds  nearly  suf- 
ficient in  amount  for  the  building  of  the  original  woi-ks  have  been 
floated,  having  expired  by  limitation,  has  reverted  with  all  rights  and 
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Mr.  Adams,  jjrivileges  to  the  city,  leaving  the  latter  absolutely  free  from  any 
entangling  relationship  with  the  water  company,  and  ready  to  avail 
itself  of  the  privilege  reserved  of  purchasing  the  works  at  an  appraised 
value,  or  of  granting  another  franchise  to  the  same  company  or  another 
company,  or  of  constructing  its  own  works,  as  •  may  be  deemed  most 
advantageous  to  the  municipality.  On  the  contrary,  the  aiithor 
assumes,  so  far  as  results  are  influenced,  that  the  franchise  is  still 
not  only  an  asset  of  the  company,  but  also  that  it  has  passed  from 
a  stage  of  limited  to  a  condition  of  i^erpetual  life ;  and  that  if  the  city 
desires  its  ownership  it  must  now  be  purchased  for  what  it  is  worth  to 
the  company.  This  seems  like  a  remarkable  lirojiosition,  in  view  of 
the  prevailing  idea  that  if  a  franchise  is  worth  accepting  at  all,  the 
duration  of  its  life  is  a  most  important  factor  in  determining  its  value; 
and  its  application  seems  little  better  justified  in  cases  where  cities  are 
obliged  to  i>urchase  works  at  the  expiration  of  the  franchise  period 
than  when  simply  pi'ivileged  to  do  so. 

Again,  the  method  advocated  makes  no  allowance  for  the  fact  that 
at  this  time  the  sinking  fund  has  presumably  accumulated  in  an  amount 
nearly  or  fully  equal  to  the  original  cost  of  the  jjlant,  and  that  the  more 
perishable  materials  of  the  first  construction  are  raj^idly  approaching 
the  end  of  their  usefulness.  This  is  to  assume  that  if  the  works  are 
performing  satisfactory  service,  they  are  as  good  as  new.  The  author's 
last  method  for  determining  valuation  does,  indeed,  mention  dejjrecia- 
tion,  but  any  deductions  made  on  this  account  are  simply  added  to  the 
value  of  the  business  as  determined  separately  from  the  value  of  the 
plant,  leaving  the  final  result  unchanged. 

In  referring  to  the  practice  of  reserving  to  the  municipality  the  right 
to  fix  or  revise  rates,  the  paper  reads:  "It  is  therefore  difficult  to  see 
how  a  city  can  escape  the  obligation  imposed  by  its  own  legal  acts 
which  in  effect  legislate  a  value  to  a  property  that  it  expects  or  obli- 
gates itself  to  purchase  eventually."  This  view  arises  from  a  very 
different  apprehension  of  the  nature  of  the  usual  water- works  franchise 
and  the  purjaose  of  its  restrictive  limitations  from  that  held  by  the 
writer.  A  franchise,  as  the  word  implies,  is  simply  a  privilege,  whether 
granted  for  or  without  a  direct  consideration.  That  such  permits  often 
are  i>ractically  exclusive  in  their  nature  in  that  they  make  possible  a 
■ndde  abuse  in  the  way  of  extortionate  charges  while  still  maintaining 
rates  within  the  limits  which,  exceeded,  might  invite  competition, 
and  that  these  charges  are  therefore  not  subject  to  any  economic  law 
of  supply  and  demand,  is  usually  recognized  by  the  municipal  author- 
ities. To  protect  the  public  against  such  possible  abuses,  a  maximum 
schedule  of  charges  is  usually  specified  in  the  franchise,  or  the  right 
to  determine  the  schedule  and  modify  the  same  from  time  to  time  is 
reserved  by  the  city,  not  for  the  purpose  of  determining  in  any  sense 
the  value  of  the  franchise  or  the  value  of  the  water- works  property. 
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tut  for  the  sole  purpose  of  preventing  that  extortion  which  the  con-  Mr.  Adams, 
ditions  otherwise  invite. 

That  these  limitations  err,  if  at  all,  upon  the  side  of  liberality  is 
evidenced  by  the  avidity  with  which  promotors  and  investors  have 
put  their  time  and  money  into  such  enterprises.  That  the  water  com- 
panies should  make  their  schedule  of  charges  coincident  with  these 
established  maxima  is  to  be  expected,  but  that  justice  demands,  in 
event  of  purchase  by  the  city,  the  placing  of  a  value  upon  the  plant 
determined  by  any  scheme  of  capitalization  of  net  revenues  irrespec- 
tive of  present  material  values,  and  that,  after  the  expiration  of  the 
franchise,  the  liberality  of  which  justified  the  construction  of  the 
works,  and  pei'haps  constituted  the  company's  chief  original  asset, 
seems  very  far  from  clear  and  rather  remote  from  any  natural  concei^- 
tion  of  true  equity. 

Under  the  method  of  valuation  proposed  by  the  author,  the  situa- 
tion of  cities  having  granted  franchises  without  restrictions  as  to 
charges  is  still  more  deplorable,  since  it  leaves  them  entirely  at  the 
mercy  of  an  unrestricted  monopoly,  dealing  in  a  necessity,  which  may 
at  any  time  increase  the  valuation  of  its  plant  by  simjjly  increasing 
the  rates.  He  says:  "Towns  without  the  authority  to  fix  or  regulate 
water  rates  *  *  *  can  hope  to  arrive  at  a  fair  valuation  of  the 
property  only  through  proper  evidence  bearing  uj^on  its  efficiency 
and  eai'ning  caj^acity. "  The  writer  believes  that  the  material  welfare 
of  any  community  demands  that  the  legitimate  interests  of  investors 
should  be  carefully  guarded,  and  when  works  are  built  under  fran- 
chises which  reserve  to  the  city  the  right  to  regulate  charges,  the 
exigencies  of  water-works  construction  and  management  should  be 
recognized  by  permitting  a  liberal  schedule  of  charges. 

The  annual  revenues  accruing  to  the  comjDany  should  be  sufficient 
to  meet  operating  expenses,  interest  on  investment  at  a  rate  commen- 
surate with  the  risk,  and  sinking  fund  sufficient  to  equal  in  most  cases 
the  cost  of  the  plant  at  a  time  well  within  the  life  of  the  perishable 
portions,  which  period  should  not  be  taken  longer  than  the  duration 
of  the  franchise.  To  these  should  be  added  a  liberal  allowance  for 
contingencies  and  equitable  remiineration  for  services  not  included 
under  operating  expenses.  There  may  be  some  uncertainty  as  to  how 
much  this  last  item  should  be,  but  it  will  hardly  amount  in  twenty  or 
thirty  years  to  twice  the  material  value  of  the  works. 

All  conservative  and  intelligent  water-works  managements  doubt- 
less endeavor  to  make  their  revenues  cover  the  fixed  charges  just 
outlined,  and  the  municipalities  can  not,  nor  do  they  usually,  object 
to  such  a  schedule.  If  the  limitations  imposed  by  the  franchise  iinder 
which  the  works  were  first  built  are  not  sufficiently  liberal  for  this, 
the  investor  must  charge  his  losses  to  his  own  bad  judgment,  as  do 
most  investors  in  any  class  of  jjroperty  that  fails  to  yield  returns.     If 
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Mr.  Adams,  the  city  legislators  so  modify  rates  as  to  reduce  the  revenues  below 
this  equitable  rate,  the  company  can  tisually  find  redress  in  the  coiirts. 
If  the  revenues  are  sufficient  to  accomplish  that  previously  outlined 
as  necessary,  then  the  company,  at  the  expiration  of  its  right  to  do 
business,  has  "received  its  own  Avith  usury,"  and  is  fi-ee  to  negotiate 
for  a  new  franchise,  or  for  the  sale  of  its  works  to  the  city.  If  they 
can  be  sold  to  the  city  for  what  they  are  worth  in  lieu  of  new  works, 
scrap  value  the  author  calls  it,  and  if  the  original  investment  rested 
on  a  foundation  of  good  business  sagacity,  the  comiJany  will  usually 
have  i^ossessed  a  fairly  profitable  enterprise,  and  in  nine  cases  out  of 
ten  will  have  had  the  free  use  of  a  franchise,  which,  to  judge  from  the 
relative  schedule  of  average  charges  of  private  companies  as  com- 
pared with  those  of  cities  owning  their  own  works,  is  something  of  a 
sinecure. 

It  would  be  interesting  to  know  all  the  conditions  that  influenced 
the  final  decisions  in  the  two  cases  of  vahiation  of  water- works  prop- 
erty which  the  aiithor  mentions,  and  it  seems  unfortunate  that  they 
have  not  been  more  fully  stated. 
Mr.  Pearsons.  G.  W.  Peaksons,  M.  Am.  Soc.  C.  E. — It  is  not  practicable  in  con- 
structing water- works  to  anticipate  changes  in  cost  of  material  twenty 
or  thirty  years  ahead.  Against  this  possible  reduction  of  cost  should 
be  placed  iuci'ease  of  value  in  land  and  increased  cost  of  laying  mains 
in  streets  which  have  been  paved  since  the  works  were  built.  These, 
with  the  cost  of  relaying  mains  and  resetting  hydrants  caused  by 
changes  of  grade  and  lines  of  streets  would,  in  Kansas  City,  aggregate 
far  more  than  the  difference  in  cost  of  mains,  though  the  first  cost  of 
these  was  over  ip60  per  ton. 

Again,  construction  by  a  company  is  generally  at  less  cost  than 
municipal  work,  so  that  prices  of  material  fifteen  or  twenty  years  ago 
joined  to  the  economics  of  construction  realized  by  a  comi^any  would, 
if  fairly  weighed,  generally  result  in  less  difference  than  indicated. 
The  writer  has  seen  foundry-cast,  uncoated  iron  pipe  which  had  been 
in  use  fifty  years  still  hiilj  serviceable.  During  the  past  year  many 
junctions  have  been  made  with  old  lines  in  Kansas  City  for  extensions; 
pipe  twenty  years  old  have  been  found  with  the  coal  tar  varnish  coat- 
ing still  intact,  some  with  it  partly  and  some  with  it  w^holly  gone,  but 
none  showing  appreciable  weakening  by  age. 

In  the  United  States  there  is  comparatively  little  cast-ii-on  pipe 
fifty  years  old,  and  that  was  probably  not  up  to  present  standard  when 
cast.  It  is  too  early  to  predicate  w-hat  the  life  of  good  cast-iron  pipe 
really  is.  Hasty  judgment  should  not  be  taken  on  individual  pipe 
buried  in  cinders  or  other  destructive  material,  or  subject  to  electroly- 
sis or  other  unusual  destructive  agencies. 

Among  the  factors  commissioners  and  experts  are  called  on  to  con- 
sider in  such  valuation  is  one  that  seems  so  far  to  have  escaped  notice. 
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A  private  company  builds  water-works  and  operates  tliem  for  a  term  Mr  Pearsons, 
of  years.  When  the  city  steps  in  and  takes  possession,  the  various 
factors  are  considered  pro  and  con,  all  on  the  assumption  that  the  city 
could  have  built  and  operated  tlie  works  as  cheaply  as  the  company, 
and  attained  as  close  an  economy  in  the  use  of  water;  this  might  be 
possible,  but  under  any  ordinary  municipal  operation  is  far  from  prob- 
able. The  city  takes  the  works  with  this  lesson  of  economy  already 
learned  by  its  citizens,  and  realizes  a  benefit  therefrom,  both  in  this 
economy  and  in  following,  in  part,  at  least,  the  method  of  the  com- 
pany, which  is  of  actual  money  value.  This  may  be  jjermanent  or 
only  temj^orary,  according  to  the  use  the  city  makes  of  its  new  pos- 
sessions. There  are  offices  to  be  filled,  and  the  citizens  would  like 
less  watchfulness  of  waste.  One  city  may  adhere  to  the  lines  which 
have  made  the  works  a  jiroi^erty  the  owners  did  not  like  to  give  uj^. 
Another  may  easily,  by  relaxing  this  care  and  economy,  fail  to  realize 
its  expectations.  The  writer  submits  this  as  another  factor  to  be 
properly  considered. 

D.  C.  Henny,  M.  Am.  Soc.  C.  E. — The  two  cases  of  water-works  Mr.  Henny. 
valuation  mentioned  by  the  author  are  important,  as  the  lines  of  argu- 
ment followed  in  the  appraisement  are  likely  to  furnish  precedents 
for  similar  valuations  in  the  future.  It  appears  that  the  awards  were 
equivalent  to  a  capitalization  of  the  gross  income  less  operating  ex- 
penses on  a  basis  of  9.09/0  iii  the  case  of  Kansas  City  and  9.65%"  in 
that  of  Syracuse,  6?^  of  which  was  assumed  to  be  interest  on  valuation 
and  3.09%"  and  3.65^  respectively  for  what  is  termed  sinking  fund. 
The  difference  ajipears  to  result  from  the  difference  of  4%  and  4i\%, 
which  the  amounts  accumulating  in  the  respective  sinking  funds  are 
supposed  to  earn;  the  time  for  the  full  accumulation  being  taken  at 
twenty  years  in  each  case. 

It  is  to  be  regretted  that  the  author  has  omitted  to  state  what  were 
the  clauses  in  these  franchises  governing  purchase.  Three  principal 
questions  may  be  asked  regarding  these  clauses  :  First,  was  the 
franchise  about  to  exj^ire  by  limitation  without  any  obligation  on 
the  part  of  the  city,  either  to  purchase  or  to  grant  an  extension  ;  or 
second,  had  it  still  a  limited  life  to  run;  or,  third,  did  the  franchise 
upon  its  nominal  exjDiration  compel  the  city  either  to  grant  an  exten- 
sion or  to  purchase  the  jilant? 

In  the  oisinion  of  the  writer  the  answers  to  these  questions  would 
materially  affect  the  value  to  be  placed  on  the  plant. 

If  the  franchise  is  about  to  expire  and  there  exists  no  obligation 
compelling  the  city  to  extend  it  or  to  purchase  the  works,  it  is  difiicult 
to  undei'stand  why  the  city  shoiild  -p&^j  more  than  the  cost  of  duplica- 
tion of  such  pai"ts  as  it  can  use,  less  depreciation,  making  allowance 
for  business  built  up.  Upon  such  an  offer  being  declined  by  the  water 
company,  and  the  city  jai-oceeding  to  issue  bonds  for  constructing  its 
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Mr.  Henny.  own  works,  the  claim  might  be  made  that  this  proceeding  would  result 
in  practical  confiscation  of  property,  and  redress  might  be  sought  in 
the  courts.  Many  cities  have,  however,  carried  out  this  plan  success- 
fully in  the  face  of  such  a  claim.  Was  there  unfairness  or  injustice  in 
this?  At  the  time  the  original  investors  obtained  their  franchise,  they 
probably  considered  what  would  become  of  their  property  at  the  ex- 
piration of  the  franchise.  Assuming  that  actual  jiossession  of  all  avail- 
able sources  of  water  supply,  which  would  give  them  practical  control 
of  the  situation,  could  not  be  obtained,  they  would  investigate  whether 
it  was  reasonable  to  expect  a  return  upon  the  enterprise  sufficient  to 
pay  for  operating  expenses,  to  refiind  the  entire  cost  less  probable 
scrap  value  during  the  life  of  the  franchise,  to  pay  interest  at  a  com- 
mercial rate  for  the  money  temporarily  invested,  and  to  leave  a  fair 
margin  of  profit  commensurate  to  the  risk  incurred.  If  this  could 
not  be  expected,  the  undertaking  would  appear  a  hazardous  one  ;  and 
if  entered  upon,  it  would  be  a  mere  sj^eculation  on  what  the  city  can 
be  induced  to  pay  for  the  plant  in  excess  of  its  scrap  value  when  the 
franchise  expires,  or  on  the  chances  of  obtaining  an  extension.  If 
maximum  rates  have  been  established  in  the  franchise,  and  these  rates 
do  not  render  these  financial  results  probable,  investors  are  risking 
theu-  money  at  their  peril.  If  no  rates  are  fixed  by  the  franchise,  but 
the  right  to  establish  them  from  time  to  time  is  vested  in  the  city,  an 
attempt  to  reduce  them  to  a  point  lower  than  would  produce  the  pre- 
ceding results  could  probably  be  successfully  resisted  in  the  courts; 
for  a  claim  set  up  by  the  company  that  upon  the  expiration  of  the 
franchise  the  city  may  not  grant  an  extension  and  in  the  event  of  pur- 
chase cannot  be  expected  to  pay  more  than  scrap  value  for  the  plant, 
and  that  therefore  the  rates  should  be  such  as  will  in  addition  to  op- 
erating expenses,  interest  and  profit,  refund  the  cost  of  the  i^lant,  less 
an  estimated  scrap  value,  would  probably  be  upheld. 

In  the  second  case,  the  franchise  is  limited  as  before,  but  the  city 
has  reserved  the  right  to  purchase  at  various  periods  during  the  life  of 
the  franchise,  and  wishes  to  avail  itself  of  this  right.  The  scrap  value 
could  then  be  determined,  and  to  this  could  be  added  the  profits 
which  the  franchise  would  be  likely  to  insure  to  the  company  between 
the  time  of  purchase  and  of  expiration. 

In  the  third  case,  the  city  being  obliged  to  purchase  or  to  grant  ex- 
tension, the  franchise  is  practically  perpetual,  and  the  method  of  de- 
termining value  should  follow  different  lines.  If  the  method  of 
valuation  is  clearly  set  forth  in  the  franchise  itself,  it  cannot  form  a 
subject  for  discussion  here,  but  if  the  valuation  is  left  to  arbitrators 
without  stating  the  principles  by  which  they  are  to  be  guided,  it  may 
be  assumed  that  value  depends  vipon  income-producing  capacity. 
Under  such  a  franchise,  rates  do  not  require  to  be  as  high  as  in  the 
cases  i3re%^ously  considered,  for  it  is  equitable  that  investors  should  be 
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reimbursed  during  the  nominal  life  of  the  franchise  only  for  deprecia-  Mr.  Henny. 
tion  and  not  for  the  entii-e  cost  of  the  plant,  no  matter  what  provisions 
they  may  have  made  on  their  own  account  for  creating  a  sinking  fund 
in  order  to  float  and  pay  off  bonds.  In  the  event  that  the  company 
has  been  able  to  maintain  rates  at  a  higher  standard,  and  that  it  would 
be  able  to  do  so  in  future  were  the  franchise  extended,  the  value  of  the 
plant  would  be  so  much  the  greater.  If  it  be  conceded  that  in  cases 
of  this  kind  net  revenue-producing  power  should  be  the  basis  of 
valuation,  the  question  arises  as  to  what  net  revenue  is.  The  writer 
believes  it  should  mean  the  gross  revenue  after  deductions  have  been 
made  for  operating  expenses,  interest  on  vahiation  at  current  rates  for 
water-works  securities,  and  finally  an  annual  payment  into  a  renewal 
fund  sufficient  to  provide  for  the  replacing  of  all  perishable  parts  as 
they  wear  out.  The  net  revenue  thus  obtained,  cajjitalized  at  the 
same  rate  as  that  assumed  to  be  current  for  water-works  securities, 
would  appear  to  offer  an  equitable  basis  for  settlement.  This  method 
woiild  favor  the  company  in  that  it  ignores  whatever  risk  there  may 
exist  from  jDossible  competition,  the  franchise  usually  not  being  ex- 
clusive, and  it  would  favor  the  city,  because  it  can  probaT)ly  borrow 
money  at  a  lower  rate  of  interest  than  was  assumed  for  capitalization. 

At  first  sight  this  method  seems  to  be  the  same  as  that  outlined  by 
the  author  under  the  head  of  "  Value  as  Determined  by  Caintalizing 
Gross  Earnings  After  DeductiugOperating  and  Maintenance  Expenses. " 
If  by  maintenance  expenses  is  meant  a  predetermined  annual  payment 
into  a  renewal  fund,  the  two  methods  are  evidently  identical.  The 
author,  however,  states  in  regard  to  this  item  that  it  embraces  a  sink- 
ing fund,  which  would  equal  in  amount  the  original  investment  after  a 
term  of  "  say,  twenty  years."  The  time  requii-ed  for  its  accumulation, 
imjaortant  as  it  is,  is  confessedly  arbitrary.  It  is  only  where  he  says 
that  "it  is  scarcely  advisable  to  consider  a  longer  period  than  twenty 
years,  because  l)y  or  before  the  expiration  of  that  interval  much  of  the 
machinery  may  have  become  antiquated,  worn  out  or  inadequate  to 
meet  the  demands  made  upon  it,"  etc.,  that  he  has  established  an  in- 
direct connection  between  the  sinking  fund  and  the  probable  expenses 
of  renewal. 

It  matters  not  whether  this  item  is  called  sinking  fund,  renewal 
fund  or  maintenance  expenses,  but  the  writer  cannot  conceive  of  any 
other  intelligent  and  just  way  of  arriving  at  it  than  through  the  close 
investigation  and  study  of  water- works  experts,  who  should  carefully 
consider  the  jsrobable  life  of  the  various  parts  composing  the  system 
and  estimate  the  co.st  of  their  renewal.  After  determining  the  amounts 
needed  for  this  purpose  at  future  periods  and  fixing  upon  a  rate  of  in- 
terest which  accumulations  in  this  renewal  fund  may  be  expected  to 
earn,  it  becomes  a  simple  problem  to  determine  what  annual  payments 
will  meet  these  requirements.    It  will  be  observed  that  by  this  method 
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Mr.  Heiitiy.  a  proper  line  of  difference  is  drawn  between  a  poorlv  built  plant, 
which,  though  the  rejiair  account  may  have  been  light  in  the  past,  is 
sure  to  req\iire  heavy  outlays  in  the  near  future,  and  a  plant  built  on  a 
more  i>ermanent  basis  ;  for  although  the  account  books  may  show  the 
same  revenues  and  past  expenses,  the  annual  amounts  to  be  paid  into 
a  renewal  fund  would  be  estimated  higher  in  the  one  case  than  in  the 
other,  and  the  remaining  net  revenue  and  the  resulting  value  would 
figure  out  correspondingly  lower. 

As  this  method,  if  carried  out  in  the  instances  of  Kansas  City  and 
Syracuse,  might  have  resulted  in  the  same  awards,  and  as  the  ruling 
conditions  of  these  franchises  have  not  been  stated,  it  may  be  well  to 
repeat,  in  conclusion,  that  the  writer  considers  this  method  ajjplicable 
only  to  cases  where  the  fi'anchise  is  perpetual  by  its  own  terms  or  in 
its  practical  effects. 
Mr.  Kuichling.  E.  KuiCHXiiNG,  M.  Am.  Soc.  C.  E. — The  paper  under  considera- 
tion deals  with  an  extremely  complex  problem,  and  is  a  valuable  con- 
tribiition  to  the  scanty  literature  now  available  on  the  subject.  As 
pointed  out  by  the  author,  the  evidence  of  experts  in  the  valuation  of 
the  property  of  a  private  corporation  is  frequently  very  conflicting, 
and  hence  every  attempt  to  exhibit  clearly  and  convincingly  the  prin- 
ciples of  equity  which  should  govera  an  honest  appraisal  of  such 
proi:)erty  cannot  fail  to  be  welcome  to  all  who  may  be  called  upon  to 
act  in  condemnation  proceedings,  either  as  expert  witnesses  or  referees. 

In  discussing  the  subject,  it  is  necessary  to  keej}  constantly  in 
mind  sharp  definitions  of  the  various  technical  and  commercial  terms, 
and  to  avoid  using  them  in  theii*  ordinary  loose,  colloquial  or  local 
sense.  For  example,  what  is  exactly  meant  by  the  phrases  "cost  of 
construction"  and  "self-sustaining"?  As  stated  by  the  author,  in- 
vestors are  apt  to  consider  the  money  expended  in  securing  a  fran- 
chise, the  interest  on  the  cost  of  the  necessary  materials  and  labor  up 
to  the  time  that  the  works  are  first  put  into  operation,  the  oftentimes 
heavy  outlays  for  lawsuits,  and  the  financial  loss  or  difference  between 
expenses  and  receipts  during  the  first  few  years  of  existence,  as  prop- 
erly chargeable  to  cost  of  construction.  An  engineer  or  contractor,  on 
the  other  hand,  is  generally  inclined  to  omit  all  these  items  from 
consideration  as  a  legitimate  part  of  the  construction  account,  and  to 
treat  the  cost  of  construction  siraply  as  the  capital  needed  to  jDay  for 
the  required  land  or  property,  materials  and  labor,  together  with  a 
certain  moderate  j^ercentage  for  administration  expenses.  Strictly 
sjjeaking,  all  of  the  items  mentioned  enter  into  the  value  of  the  jirop- 
erty,  but  to  avoid  misapiDrehension  they  should  receive  some  other 
designation  than  cost  of  construction. 

A  similar  confusion  exists  with  the  term  "  self-sujjporting. "  In 
some  cases  it  is  claimed  that  to  be  self-supporting,  the  annual  income 
from  the  works  should  only  be  sufficient  to  meet  the  ordinary  yearly 
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operating  expenses  and  interest  accoimt,  while  in  others  it  is  held  that  Mr.  Kuichiing. 
they  should  also  pay  a  yearly  sum  for  depreciation  or  renewal,  or  the  ex- 
tinction of  the  bonded  indebtedness.  Again,  from  another  point  of  view, 
it  is  urged  that  the  income  must  be  large  enough  to  provide  a  fund  for 
the  payment  of  all  future  extensions  or  betterments,  in  addition  to  the 
above-named  items,  whereas  others  argue  that  the  cost  of  such  exten- 
sions should  be  met  by  the  expenditure  of  additional  capital.  It  is 
therefore  essential  to  agree  ia  the  outset  upon  clear  definitions  of 
terms  used,  and  to  preserve  them  consistently  throughout  the  discus- 
sion. 

In  like  manner,  the  distinction  between  the  value  of  the  property 
and  the  value  of  the  i>lant  must  be  kept  in  mind.  The  former  is  usu- 
ally much  larger  than  the  latter,  although  in  some  cases  it  may  be 
materially  less.  As  already  indicated,  the  former  includes  all  necessary 
expenditures  incidental  to  the  acquisition  of  the  franchise  and  the 
development  of  its  business  or  revenue  uji  to  the  time  of  the  contem- 
plated sale,  while  the  latter  is  essentially  the  cost  of  duplication  at 
such  time,  less  a  jjroper  allowance  for  depreciation  and  worthless 
material  left  on  hand.  There  may,  however,  be  much  dispute  as  to 
the  character  and  magnitude  of  the  items  which  the  owners  will  un- 
doubtedly strive  to  introduce  into  the  schedule  representing  the  value 
of  their  jjroperty,  and  the  utmost  care  should  be  taken  in  the  analysis 
to  avoid  doing  an  injustice  to  either  party. 

Thus  in  making  an  appraisal,  it  will  certainly  be  fair  to  allow  a 
reasonable  sum  for  the  costs  of  securing  the  franchise,  as  well  as  for 
interest  on  the  capital  expended  during  construction  and  during  the 
first  period  of  the  operation,  when  the  income  from  the  works  is  less 
than  the  expenses,  but  the  costs  of  all  avoidable  accidents,  or  avoidable 
litigation,  or  other  unnecessary  disbursements  which  may  appear  in 
the  schedule,  should  be  eliminated,  inasmuch  as  these  items  may  prop- 
erly be  regarded  as  errors  of  management  for  which  the  owners  alone 
are  responsible.  The  ai^ijraiser  should  also  take  into  consideration 
the  market  price  of  i^roperty,  materials  and  labor  at  the  time  of  con- 
struction. If  such  iJrice  was  higher  than  at  present,  due  allowance 
therefor  should  be  made  in  the  estimate  of  the  value  of  the  entire 
property;  and,  conversely,  if  the  price  was  lower,  the  advantage  will 
appear  in  the  present  value  of  the  plant. 

A  complication  sometimes  arises  in  dealing  with  the  improvements 
or  betterments  that  have  been  made  in  the  plant  from  time  to  time. 
For  example,  if  the  original  pumping  engine  was  replaced  by  another 
of  greater  power  and  higher  efficiency,  or  if  some  lines  of  small  pipe 
were  taken  up  and  replaced  by  larger  sizes,  the  construction  account 
would  embrace  the  cost  of  both  the  original  and  the  subsequent  work, 
whereas  the  present  value  of  the  plant  obviously  includes  only  the 
latter.     In  such  cases,  the  cost  of  the  original  work  should  be  left  out 
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Mr.  Kuichliiig.  of  the  appraisal,  on  tlie  ground  that  either  au  unjnstitiable  error  of 
management  occurred,  or  that  the  past  profits  of  the  business  have 
compensated  the  owners  fully  for  the  initial  outlay. 

The  chief  difficulty  in  making  an  api^raisal,  however,  lies  in  jalacing 
a  fair  value  ti2)on  inadequate  jsarts  of  the  j^lant.  This  important 
point  has  received  only  a  very  brief  treatment  by  the  author,  and  it  is 
sincerely  hoped  that  he  will  supplement  his  valual)le  i^aper  by  a  more 
detailed  exjDosition  of  his  views  in  relation  to  estimating  the  value  of 
insufficient  or  obsolete  j)umping  machinery,  and  of  distributing  jiipes 
which  are  too  small  for  efficient  fire  service.  Such  conditions  are  fre- 
(jueutly  encountered,  and  the  great  diversity  of  opinion  which  seems 
to  jjrevail  on  the  subject  among  experts  renders  a  thorough  discussion 
extremely  desirable.  The  author  has  very  properly  stated  that  an  ap- 
praiser should  discriminate  between  errors  deliberately  made  for 
speculative  purposes,  and  such  as  were  enforced  by  lack  of  funds,  or 
which  became  ajjparent  by  the  unexpected  development  of  a  district. 
Of  these,  the  latter  vari&ty  is  more  easily  detected  and  condoned,  but 
the  first-named  class  is  never  acknowledged  by  the  ^lerpetrators.  The 
query  then  arises,  by  what  standards  of  compaiison  such  errors  should 
be  estimated  ? 

In  general  it  may  be  said  that  a  water-works  company  is  organized 
with  the  view  of  giving  the  public  a  certain  service  for  an  adequate 
compensation.  If  this  service  is  insiifficient  from  faulty  design,  the 
error  should  promptly  be  rectified  by  the  company,  or  the  price  should 
be  correspondingly  reduced;  and  if  the  latter  is  not  done,  it  may  be 
taken  for  granted  that  undue  profits  are  derived  by  the  company  which 
will  ultimately  j^ay  for  the  original  cost  of  the  imjoroper  work.  The 
compensation  paid  by  the  public  for  the  service  is  therefore  the  prin- 
cipal means  of  determining  the  value  of  the  inadequate  parts  of  the 
plant,  and  the  same  criterion  may  also  be  established  for  arriving  at 
the  value  of  the  entire  property.  This  principle  is  also  expressed  by 
the  author  several  times  in  the  course  of  his  paper. 

The  four  difi'erent  methods  of  ascertaining  the  value  of  a  water- 
works property  which  have  been  presented  by  the  author  are  very 
interesting,  but  without  a  thorough  knowledge  of  all  the  details  of 
the  two  cases  cited  by  him,  their  relative  merits  cannot  well  be  esti- 
mated. In  all  of  them  the  element  of  a  sinking  fund  of  comjiaratively 
short  period  and  for  the  entire  value  of  the  property,  has  been  intro- 
duced, and  to  this  the  writer  is  inclined  to  object  in  some  degree.  If  the 
works  are  owned  or  purchased  by  the  community,  no  profit  from  their 
operation  is  generally  expected,  and  there  is  no  good  reason  for  as- 
suming that  the  entire  debt  should  be  extinguished  in  so  short  a  period 
as  twenty  years.  The  perishable  parts  of  the  jjlant,  such  as  pumjnng 
machinery,  small  distributing  pipes  of  temporary  character,  etc.,  may 
fauiv  be  regarded  as  worn  out  after  the  lapse  of  this  period  of  time; 
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but  the  acquired  lands,  rights  of  way,  title  to  the  water,  large  mains,  Mr.  Kuichling. 

reservoirs,  etc. ,  are  usually  as  valuable  to  posterity  as  to  the  i^resent, 

and  hence  a  portion  at  least  of  the  cost  of  these  items  should  equitably 

be  borne  by  the  future.     The  sinking  fund  period  for  the  entire  cost 

may  accordingly  be  considerably  longer  than  twenty  years,  and,  where 

this  is  the  case  the  author's  argument  will  reqiiire  some  modification. 

In  the  writer's  opinion,  the  equity  of  the  methods  of  valuation, 
which  are  based  on  the  capitalization  of  the  gross  or  net  earnings  of 
the  works  is  essentially  dependent  upon  the  rates  charged  for  the  use 
of  the  water.  These  rates  may  be  either  higher  or  lower  than  a  sum 
sufficient  to  produce  a  fair  income,  or  make  the  works  self -supporting; 
and  before  this  can  be  determined,  the  legitimate  original  cost  of  the 
works  and  other  expenses  incidental  to  the  development  of  the  busi- 
ness must  be  comi:)uted.  If  the  community  has  paid  unduly  high 
rates  for  the  Avater  service  for  many  years,  the  company  shoiild  be  con- 
tent with  a  lower  appraisal  of  its  property  than  might  honestly  be  de- 
manded if  the  revenue  had  been  smaller.  The  jjroblem,  therefore, 
hinges  principally  on  the  legitimate  cost  of  the  works  and  business, 
and  to  a  lesser  degree  on  the  gross  or  net  earnings. 

There  is  also  some  obscurity  in  the  author's  application  of  the 
fourth  method  of  ajspraisal  to  the  case  of  the  old  Syracuse  water-works 
plant.  Here  it  is  stated  that  the  total  value  of  the  property  should  be 
the  sum  of  the  j^resent  value  of  the  plant  and  the  capitalized  value  of 
the  net  income.  To  this  proposition  the  writer  cannot  agree,  since  the 
capitalization  of  the  net  income  involves  the  value  of  the  plant,  and 
obviously  this  element  should  not  be  introdiiced  twice  into  the  com- 
putation. In  commercial  circles  the  value  of  a  manufacturing  busi- 
ness, including  the  j^lant,  is  usually  measured  by  the  net  earnings  or 
income;  and  the  same  standard  of  appraisal  is  also  applicable  to  a 
water-works  property  which  is  in  a  solvent  condition,  provided  the 
rates  charged  for  the  service  are  equitable,  and  the  plant  is  in  good 
order.  For  other  conditions,  the  problem  becomes  more  comi:)licated, 
and  it  is  doubtful  whether  a  fair  value  of  the  property  can  be  reached 
by  any  short  and  simple  process. 

A.  S.  TuTTiiE,  Assoc.  M.  Am.  Soc.  C.  E. — In  the  cases  cited  and  Mr.  Tuttle. 
propositions  laid  down  by  the  author,  it  would  appear  that  a  proper 
and  fair  jarice  could  be  fixed  for  a  water-works  plant  on  the  basis  of 
net  earnings.  In  appraising  such  properties,  it  seems  to  the  writer 
that  the  value  of  the  woi'ks  and  that  of  the  franchise  should  each  be 
established  indei^endently. 

Value  of  Works. — If  a  water  company  was  operating  on  an  ideal  and 
conservative  financial  basis,  provision  would  be  made  for  setting  aside 
annually  an  amount  for  sinking  fund  and  renewal  jjurposes  sufficient 
at  all  times  to  offset  depreciation.  The  author  has  referred  to  the  i^os- 
sible  cheai^ening  of  the  materials  and  cost  of  construction,  and  to  the 
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Mr.  Tuttle,  liability  of  2>ortions  of  the  plant  to  become  prematurely  inadequate  or 
antiquated,  all  important  factors,  which,  while  largely  speculative  and 
not  to  be  determined  with  exactness,  should  be  analyzed  in  detail  for 
the  i^articular  case  under  consideration,  unless  the  franchise  be  for  a 
limited  jjeriod  and  without  qualification  as  to  renewal  or  to  purchase 
of  the  works,  in  which  case  the  sinking  fund  should  be  computed  to 
redeem  the  cost  of  construction  within  the  unlapsed  period. 

A  jjurchaser  of  such  works  necessarily  assumes  obligations  to  ac- 
cumulate sinking  and  renewal  funds  in  a  shorter  jieriod  than  that  ap- 
plicable when  the  plant  was  new,  so  that,  in  fairness  to  both  jiarties 
interested,  the  valuation  of  the  works  could  be  placed  at  the  cost  of 
construction,  less  unexpended  sinking  and  renewal  funds;  on  a  more 
practical  basis,  the  value  shotild  be  determined  by  an  estimate  of  the 
present  worth  of  the  tangible  jiroperty. 

In  the  method  designated  by  the  author  as  "Value  as  determined 
by  cajntalizing  gross  earnings,  after  deducting  operating  expenses," 
the  computed  value  of  x  would,  assuming  that  the  method  suggested 
by  him  is  otherwise  correct,  represent  the  worth  of  the  plant  and 
franchise  if  the  former  was  in  first-class  condition,  other  than  which 
there  should  be  deducted  an  amount  rejiresenting  the  diii'erence  in 
value  between  the  j)lant  in  use  and  a  new  one  specially  designed  to 
meet  present  needs. 

In  the  instance  cited  at  Kansas  City,  this  depreciation  in  value  of 
the  works  appears  to  have  been  about  S670  000,  which,  if  allowed, 
would  have  reduced  the  calculated  purchase  price  from  -SS  000  000  to 
S2  330  000,  representing  a  saving  to  the  purchaser  of  slightly  over  22 
jjer  cent. 

Value  of  Francliise. — In  fixing  the  value  of  a  franchise  it  is  neces- 
sary to  define  distinctly  the  rights  existing  under  it,  such  as  exclusive- 
ness  of  territory,  duration,  provision  for  renewal  or  purchase  by  the 
city,  etc. 

At  the  expiration  of  a  franchise  which  contains  no  provision  for 
future  negotiation,  the  problem  is  one  relating  to  the  value  of  the 
works  alone;  the  greatest  claim  that  could  be  made  in  such  a  case 
appears  to  the  writer  to  be  the  present  worth  of  the  plant,  without  re- 
gard to  its  earning  capacity;  if  the  terms  of  settlement  were  under  con- 
sideration between  the  owner  of  a  building  and  that  of  the  land  on 
which  it  was  erected,  the  lease  having  expired,  there  would  be  no  ques- 
tion but  that  the  owner  of  the  structure  would  consider  himself  fortu- 
nate if  such  a  principle  were  applied. 

If  the  franchise  be  not  exclusive,  it  would  seem  proper  to  allow  for 
the  loss  which  would  accrue  to  a  comjieting  company  in  establishing 
itself.  Such  franchises  as  these  should  never  be  undertaken  by  any 
properly  organized  corporation  unless  all  possible  sources  of  supply 
be  fully  under  their  control. 
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Perpetual  francliises  may  be  vahied  by  the  method  of  capitalizing  Mr.  Tuttie. 
the  net  earnings,  as  suggested  by  the  author,  and  deducting  therefrom 
the  cost  of  an  adequate  and  proper  jjlant,  althoitgh  this  would  be  the 
minimum  worth.  A  corporation  ojjerating  under  such  a  contract  could 
reasonably  estimate  a  future  constant  increase  in  gross  revenue  and  a 
diminishing  account  per  million  gallons  for  operating  exjDenses,  and 
more  particularly  so  if  the  works  have  not  been  fully  established  in 
the  community. 

If  the  franchise  be  exclusive  and  for  a  limited  period,  it  would  seem 
fail"  to  estimate  the  yearly  revenue  for  the  unexpired  i^eriod,  with 
proper  allowance  for  increase  in  revenue  due  to  growth  and  possible 
economies,  for  all  necessary  exj^enditures  for  improvements  and  ex- 
tensions, and  for  suflBcient  sinking  fund  and  renewal  accounts  to  re- 
deem all  present  or  future  indebtedness  at  the  expiration  of  the 
franchise.  The  total  value  of  the  franchise  would  then  be  the  present 
worth  of  the  sum  of  the  net  earnings  from  year  to  year,  each  placed  at 
interest  up  to  the  termination  of  the  franchise  period. 

Such  problems  as  these  are  usually  further  complicated  by  vague- 
ness in  essential  features  of  the  contract,  or  by  limitations  imposed  on 
the  revenue,  in  each  case  requiring  special  adjudication. 

Valuation  of  the  Property  of  the  Long  Island  Water  Supply  Company. 
— The  proceedings  incident  to  the  condemnation  of  the  proj)erty  of 
the  Long  Island  Water  Supply  Company,  which  have  just  been  brought 
to  a  conclusion  by  a  decision  of  the  United  States  Supreme  Court,  are 
perhaps  fairly  illustrative  of  the  difficulties  attending  such  negotia- 
tions. 

This  company  was  incorporated  for  fifty  years  in  August,  1881,  and 
in  the  following  September  entered  into  a  contract  with  the  officers  of 
the  town  of  New  Lots  to  furnish  a  supi^ly  of  water  for  twenty-five 
years.  It  was  agreed  that  the  water  rents  should  be  the  same  as  those 
fixed  in  the  neighboring  city  of  Brooklyn,  and  that  no  charge  should  be 
made  for  hydrants  after  the  works  had  become  established  on  a  paying 
basis. 

In  1886  the  town  was  annexed  to  the  city  of  Brooklyn  as  the 
Twenty-sixth  Ward,  the  terms  of  annexation  authorizing  the  purchase 
of  the  property  within  two  years,  either  by  agreement  or  by  right  of 
eminent  domain,  failing  in  which  the  city  was  prohibited  from  furnish- 
ing water  in  the  territory  during  the  charter  life  of  the  company. 
Under  this  act  a  contract  was  entered  into  in  1890  for  the  purchase  of 
the  entire  property  for  81  250  000,  but  the  sale  was  prevented  by  a 
decision  of  the  Court  of  Apjjeals  on  the  ground  that  the  period  author- 
izing iJurchase  had  elajised  jjrior  to  the  date  of  the  agreement. 

In  1892  a  second  act  was  i^assed  by  the  state  legislature  authorizing 
the  purchase  of  the  plant  by  condemnation,  and  directing  the  ai^jjoint- 
ment  of  five  resident  freeholdei's  to  "ascertain  the  just  compensa- 
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Mr.  Tuttle.  tion."  The  water  sitpply  is  obtained  from  an  open  well  and  120  2-in. 
driven  wells.  It  was  said  to  liave  been  constructed  to  furnish  5  000  000 
galls,  daily,  and  that  it  had  yielded  over  8  000  000  galls,  i^er  day.  The 
average  daily  supi^ly  for  1892  Avas  estimated  at  slightly  under  900  000 
galls.,  and  the  number  of  taps  at  4  680. 

The  financial  statement  for  the  year  ending  April  30th,  1892,  was  as 
follows : 

Eeceipts $84  295.75 

Disbixrsements,  exclusive  of  interest  and  sink- 
ing fund  charges 20  786.05 

From  statistics  carefully  prepared  by  able  experts,  the  company 
claimed  that  in  1931,  at  the  expiration  of  its  corporate  existence,  the 
average  daily  supply  would  be  over  11  200  000  galls.,  the  number  of 
taps  28  080,  and  the  j^resent  value  of  the  net  revenue  accumulated  at  that 
time  S2  758  294.41  if  the  plant  were  operated  by  the  city,  or  62  179  120.65 
if  operated  under  the  old  management.  The  computations  of  revenue 
were  made  on  the  basis  suggested  by  the  writer  for  the  valuation  of 
an  exclusive  franchise  for  a  limited  period.  The  argument  of  the  city 
endeavored  to  establish  that  the  contract  was  not  exclusive,  and  that 
the  only  basis  for  such  a  claim  lay  in  the  legislative  act  of  annexation; 
that  no  legal  obstacle  could  prevent  a  comj^eting  private  company 
from  securing  proper  authorization  to  sujjply  the  section;  that  the 
testimony  relative  to  future  earnings  was  speculative,  and  that  the 
company  could  not  furnish  the  requisite  supjily  without  expense 
greatly  beyond  that  indicated  in  their  estimates.  Edward  M. 
Shepard,  Esq.,  a  member  of  the  commission,  clearly  outlined  the 
nature  of  speculative  testimony  which  is  admissible  before  a  court, 
as  follows: 

No  precedent  ' '  sustains  the  proposition  that  a  witness  may  be  per- 
mitted to  testify  directly  to  a  future  fact  imagined  by  him,  like  the 
increase  of  pojiulation  of  a  district,  or  the  future  consumj^tion  of 
water  by  its  inhabitants,  or  the  future  investment  in  machmei-y  or 
plant  by  a  particular  water  company,  or  the  cost  in  the  distant  future 
of  supplying  water  in  largely  increased  quantities,  or  the  cost  in  a 
like  distant  future  of  the  business  administration  of  such  jjarticular 
company.  *  *  *  "V\^e  fail  to  see  that  the  water  comijany  is  injui'ed 
by  this  course.  It  has  been  jjermitted,  and  it  is  i^ermitted  further,  to 
prove  every  existing  fact  and  past  exjjerience  uj^on  which  sensible 
men  sitting  in  our  places  could  reasonably  make  inferences  of  proba- 
bility as  to  future  changes  in  any  one  of  the  elements  affecting  the 
value  of  the  eomjDany's  franchise.  The  company  may  prove,  as  it  has 
already  proved,  past  increases  of  population  in  communities  like  the 
Twenty-sixth  Ward.  It  may  prove  what  is  or  has  been  the  demand 
for  water  i^er  inhabitant  in  any  such  community.  It  may  prove  what 
plant  would  be  required  for  the  future  sujjply  of  water  which  it  will 
argue  is  to  be  required  during  the  future  years  of  its  franchise.  It 
may  prove  what  is  or  has  been  the  cost  of  administering  its  own  busi- 
ness, or  the  business  of  a  like  company  supplying  water  in  the  larger 
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amounts  wliich  it  may  claim  the  increased  population  of  the  Twenty-  Mr.  Tuttle. 
sixth  Ward  will  require.  Nor  do  we  now  decide  to  exclude  expert 
testimony  as  to  all  or  possibly  as  to  any  of  these  matters.  We  do  not 
now  consider  whether  in  any  of  them  an  expert  may  not  be  examined 
upon  an  assumed  state  of  facts  to  say  that  such  and  such  results 
would,  in  his  opinion,  follow  with  reasonable  certainty.  We  cannot, 
however,  retain  as  testimony  the  bald  statements  contained  in  the 
tables  to  which  the  city  objects  of  supjiosed  facts  and  conditions  of 
the  future.  Witnesses  must  testify  as  to  facts,  things  which  now 
exist  or  have  existed.  A  reasonable  inference  from  those  facts  as  to 
the  future  is  for  the  tribunal." 

The  majority  of  the  commissioners  decided  that  the  claim  of  ex- 
clusiveness  of  franchise  was  not  proper,  and  fixed  its  value  on  the 
following  assumption,  quoted  from  their  rejsort  to  the  New  York 
Supreme  Coixrt: 

"  (1)  That  at  present  the  water  company  alone  has  the  right  pub- 
licly to  i^urvey  water  in  the  Twenty-sixth  Ward;  (2)  that  the  exclusive- 
ness  now  incident  to  its  right  may  at  any  time  be  taken  from  it  by 
the  legislatui'e,  or  by  local  authorities  acting  under  legislation,  but 
(3)  that  neither  the  legislature  nor  local  authorities  would,  in  deter- 
mining whether  to  take  from  the  company  the  exclusiveness  of  its 
right,  fail  to  have  such  due  regard  as  is  demanded  by  amjjle  and  fair 
public  policy,  to  the  jiast  investment,  risks  and  services  of  the  com- 
pany, and  to  the  reasonably  just  expectations  which  those  who  in- 
vested money  in  its  woi'k  had  in  mind  when  so  investing.  The  water 
company  has  insisted  that  by  reason  of  its  supjjosed  right  to  exclude 
competition,  it  could  and  would  earn  over  and  above  all  investment 
and  outlay  and  interest  thereon  during  the  remaining  life  of  its  charter 
more  than  $6  000  000.  In  our  opinion  the  public  authorities  would 
not  be  justified,  unless  the  water  company  had  rights  of  a  contract 
nature,  to  continue  its  freedom  from  competition  in  order  to  seciire 
it  returns  so  much  in  excess  of  anything  reasonably  due  its  former 
risks  or  investments  or  public  services.  The  profits  which  the  com- 
pany has  sujDposed  it  would  earn  in  future  years  are  based  ujjon 
sijecific  rates  for  its  supply  of  water.  If  any  protection  of  the  water 
company  from  competition  would  at  these  rates  produce  such  very 
excessive  profits,  it  would  clearly,  in  oiir  opinion,  be  the  duty  of  the 
legislature,  or,  under  its  permission,  of  other  public  authorities  con- 
cerned, whether  of  the  Town  of  New  Lots  or  of  the  City  of  Brooklyn, 
to  take  care  that  such  competition  should  be  permitted  as  should 
secure  to  the  peoj)le  of  the  Twenty-sixth  Ward  a  fit  reduction  in  the 
rates." 

The  total  award  was  fixed  at  S570  000,  divided  as  follows: 

For  the  lands S77  500 

For  the  ijumping  plant,    reservoir,  distribution 

system,  and  all  other  appurtenances 292  500 

For  the  franchise 200  000 

The  present  worth  of  the  engines,  boilers,  buildings,  wells,  reser- 
voir, distribution  system,  and  all  other  appurtenances,  was  estimated 
by  the  company's  exjDerts  at  S334  951.91,  the  same  including  allow- 
ance for  depreciation. 
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Mr.  Tuttle.  At  this  time  the  stock  which  had  been  issued  by  the  company  ag- 
gregated §250  000  in  face  value,  while  S500  000  were  outstanding  in 
G%  bonds,  on  which  latter  interest  to  the  amount  of  $17  583.34  was 
unijaitl. 

The  water  company  objected  to  the  award  on  the  ground  that  it 
imj^aired  the  obligation  of  contracts,  and  carried  the  case  to  the  Court 
of  Appeals,  and  finally  to  the  United  States  Supreme  Coiirt  where  the 
action  of  the  commission  was  sustained,  the  court  holding  that  a  con- 
tract, like  any  other  property,  may  be  taken  under  condemnation  pro- 
ceedings for  public  use.  Its  condemnation  is,  of  course,  subject  to 
the  rule  of  just  compensation.  The  true  view  is  that  condemnation 
proceedings  do  not  impair  the  contract,  do  not  break  its  obligations, 
biit  ajjpropriate  it,  as  they  do  tangible  property  of  the  company,  to 
public  uses. 

This  case  is  also  of  interest,  not  only  in  establishing  a  thoroughly 
contested  precedent  for  similar  proceedings,  but  also  in  illustrating 
the  necessity  for  placing  proper  restrictions  on  franchises;  at  the  time 
when  this  company  was  incori^orated,  the  writer  is  aware  of  no  law 
which  could  have  prevented  the  granting  of  a  jjerpetual,  exclusive 
franchise,  in  which  case  a  fair  award  for  the  plant  would  probably 
have  been  in  the  millions  of  dollars. 

In  1890,  the  New  York  state  legislature  fixed  a  limit  of  five  years 
for  all  franchises  for  water  supply  granted  by  municipal  officers,  in- 
creasing the  same  to  thirty  years  if  favorably  voted  for  by  the  electors. 
This  act  was  amended  in  1892,  when  the  five-year  laeriod  was  increased 
to  ten  years,  a  time  altogether  too  brief  to  permit  a  comj)any  to  redeem 
the  original  cost  of  construction,  and  therefore  practically  requiring 
either  a  popular  vote  or  an  additional  agreement  providing  for  the 
purchase  of  the  works. 
Mr.  Coffin.  Feeeman  C.  Cofein,  M.  Am.  Soc.  C.  E. — If  the  engineer  is  to  treat 
such  a  topic  as  the  value  of  water  supply  systems,  he  should  hold  no 
narrow  view  of  the  scope  of  his  profession.  A  view  which  confines  it 
within  strictly  technical  lines  will  allow  him  but  a  limited  treatment 
of  a  subject  of  this  nature. 

A  water  supply  system  is  a  business  concern  in  the  best  sense  of 
that  much-abused  term.  Questions  of  business,  finance,  legislation 
and  social  ethics  all  enter  into  a  comprehensive  consideration  of  pub- 
lic water  supplies.  Certainly,  strictly  engineering  problems  hold  a 
large  place  in  such  a  consideration,  which  is  likely  in  one  system  or 
another  to  lead  to  investigations  covering  the  whole  field  of  water 
supply  design.  The  engineer  is  well  equipped,  indeed,  who  is  j^re- 
pared  to  deal  intelligently  with  all  of  the  problems  that  may  arise. 
There  is  probably  no  one  class  of  men  better  able  to  deal  with  this 
question  in  all  of  its  bearings  than  the  trained  hydravilic  engineers,  if 
they  will  consider  it  as  their  legitimate  professional  work. 
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Already,  in  New  England,  at  least,  the  practice  is  becoming  quite  Mr.  CoflQn- 
general  of  placing  one  or  more  engineers  upon  commissions  appointed 
to  put  a  value  upon  a  system  when  it  passes  from  private  to  public  con- 
trol. In  a  recent  imj^ortant  case  in  Massachusetts,  two  engineers,  both 
members  of  this  Society,  and  one  lawyer,  composed  the  commission. 
Few  such  cases  are  tried  without  the  assistance  of  several  expert  engi- 
neers upon  either  side.  Such  being  the  fact,  it  is  certainly  legitimate 
to  discuss  the  subject  of  the  value  of  water  supi)ly  systems  in  engi- 
neering i}aj)ers,  and  that  by  the  author  is  a  timely  contribution. 

There  is  only  one  time  and  condition  when  the  commercial  value  of 
a  system  has  a  practical  interest  to  the  general  public ;  this  is  when  it 
passes,  by  voluntary  sale  or  legislative  enactment,  from  the  ownership 
of  a  jjrivate  corijoration  to  that  of  a  municipality. 

The  engineer  has  been  accustomed  to  examine  water-works  proper- 
ties and  franchises  owned  by  private  parties  and  report  upon  their 
value  to  other  private  parties,  such  as  bankers  or  caj^italists  contem- 
plating purchase  for  investment.  The  point  of  view  then  occupied  by 
him  is  much  the  same  as  in  ease  of  acquirement  by  municiijalities, 
with  the  modifications  referred  to  hereafter. 

He  will  consider  (1)  the  cost  of  construction,  including  all  legiti- 
mate expenses  of  every  nature  ;  (2)  the  depreciation  of  the  plant ;  (3)  its 
present  condition  and  adequacy  to  meet  the  demands  of  the  service  ; 
(4)  the  improvements  and  additions  necessary  to  j)ut  it  in  condition  to 
meet  such  demand;  (5)  the  gross  revenue  from  all  sources;  (6)  the  sched- 
ule of  water  rates  and  the  liability  of  their  being  reduced  by  munici- 
pal or  legislative  authority  or  the  pressure  of  public  opinion  ;  (7)  the 
total  annual  cost  of  maintenance  including  operating  expenses  and 
repairs,  taxes,  depreciation  of  the  plant,  and  interest  upon  the  cost  of 
the  works  ;  (8)  the  net  revenue  ;  (9)  the  iirosjiective  growth  of  popula- 
tion and  the  effect  it  will  have  upon  construction,  revenue  and  mainte- 
nance ;  (10)  the  nature  of  the  franchise  and  its  duration  ;  (11)  the  right 
of  the  municipality  to  take  the  works  ;  (12)  the  tendency  of  legislation 
to  control  or  restrict  the  profits  from  semi-public  monopolies  ;  (13)  the 
value  of  the  franchise  ;  (14)  the  value  of  the  system  or  the  amount 
that  could  be  i^aid  for  it  as  a  remunerative  investment. 

There  are  two  distinct  elements  of  vahie  in  a  water-works  system — 
the  value  of  the  plant,  and  that  of  the  franchise.  The  latter  may  have 
great  or  little  value,  or  none  at  all.  In  either  case  it  shoiild  not  be  con- 
founded with  that  of  the  real  property. 

There  are  two  sharply  defined  theories  of  value  ;  first,  the  cost  of 
construction  of  the  works,  less  depreciation  ;  second,  the  capitaliza- 
tion of  the  net  revenue.  The  first  of  these  theories  has  generally  been 
held  by  those  interested  in  the  municipal  side,  while  the  latter  has 
been  advocated  by  water  companies.  It  may  be  said  that  allowing 
that  either  theory  is  a  true  one,  neither  has  been  advocated  in  a  fair  or 
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Mr.  CoflSn.  coQsistent  manner  by  either  side.  The  advocates  of  the  first  are  un- 
willing to  include  the  cost  of  superseded  or  abandoned  property,  or 
the  higher  cost  of  earlier  construction  in  theii*  estimates,  nor  the  defi- 
ciency of  income  in  the  early  years  of  the  system.  Those  holding  the 
second  theory  are  not  willing  to  ai3ply  the  corrections  to  the  gross 
revenue  necessary  to  give  the  true  net  revenue. 

Unless  it  is  so  specified  in  the  charter  (in  which  case  there  is  small 
room  for  contention),  the  cost  of  construction  can  no  more  be  the  true 
value  of  the  system  than  in  more  ordinary  business  transactions  is 
the  cost  of  property  to  the  person  holding  it  the  true  measure  of  its 
market  value. 

So  far  as  there  can  be  a  logical  standard  of  value  for  a  system  of 
water-works,  the  capitalization  of  the  true  net  revenue  seems  to  be  the 
only  such  standard.  This  statement  is  based  upon  the  purely  business 
principle  that  anything  is  worth  an  amount  equal  to  that  which  it  will 
permanently  prodiice  for  its  owner. 

However,  this  view  does  not  give  away  the  case  for  the  municiiJal- 
ity,  for  certainly  the  jjublic  which  is  served  by  a  company  under  a 
monopolistic  franchise  has  its  rights;  furthermore,  except  for  the 
natural  opportunities  for  sources  of  supi:)ly,  which  are  a  heritage  of 
the  public  and  usually  require  for  their  taking  and  development  the 
power  of  eminent  domain,  given  by  the  state,  and  the  establishment 
and  growth  of  business  and  population,  the  franchise  would  be  of  no 
value.  This  touches  the  social-economic  side  of  the  question,  and 
judging  from  some  of  the  awards  made,  it  would  seem  that  it  had 
been  considered.  In  the  case  of  an  engineer  reporting  upon  a 
system  as  an  investment,  this  phase,  perhaps,  would  not  be  con- 
sidered, except  as  it  might  affect  legislation  in  regard  to  rates. 

That  the  company  should  receive  payment  for  the  franchise  neces- 
sarily involves  no  injustice  to  the  public,  although  the  franchise  was 
originally  given  to  the  former.  There  are  quite  often  several  years 
in  the  early  life  of  the  system  when  the  revenue  will  not  meet  the 
expenses.  If  the  company  establishes  the  works  and  carries  them 
throtigh  this  period,  enough  compensation  should  be  aDowed  it  to 
make  the  enterprise  on  the  whole  a  profitable  one.  On  the  other 
hand,  if  it  has  been  entrusted  with  the  power  to  secure  supplies  that, 
taken  in  connection  with  a  gro-ndng  center  of  population,  represent  a 
large  money  value,  it  is  on  the  theory  that  it  is  to  serve  the  jieople 
and  make  a  reasonable  profit  only.  It  would  evidently  be  a  hardship, 
that  when  the  public  wishes  to  control  its  own  supply,  the  annual 
value  of  these  natural  advantages  must  be  capitalized  and  an  amount 
paid  to  the  comjsany  far  in  excess  of,  and  out  of  any  j^roportion  to,  its 
investment. 

No  definite  formula  can  be  relied  on  to  give  the  true  value  of  a 
system.     The  writer  has  tried  in  what  follows  to  indicate  a  logical 
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method  of  makiog  an  estimate  which  may  serve  as  the  basis  of,  or  a  Mr.  CoflSn. 
guide  to,  a  final  decision. 

The  cost  of  construction  has  an  important  relation  to  the  present 
value  of  the  plant  as  distinct  from  that  of  the  franchise.  It  is  right 
to  include  in  the  estimate  of  such  cost  all  work  that  has  been  done, 
even  if  now  abandoned  or  superseded,  unless  it  can  be  clearly  shown 
that  such  work  was  undertaken  with  more  than  the  usual  lack  of 
foresight.  The  higher  cost  of  former  construction  should  be  con- 
sidered, as  that  is  common  to  all  systems  of  considerable  age.  This 
estimated  sum  for  cost  of  construction,  including  all  legitimate  ex- 
penses, must  be  used  as  the  basis  of  the  interest  and  depreciation 
account.  This  sum,  less  the  proper  deduction  for  depreciation  to 
the  time  of  taking  the  works,  is  the  value  of  the  plant  as  separate 
from  the  franchise.  It  does  not  follow  that  because  the  same  works 
could  be  built  now  for  less  than  the  original  amount  that  a  smaller 
sum  should  be  paid.  It  is  fair  to  assume  (with  no  clear  evidence 
to  the  contrary)  that  the  experience  was  bought  as  cheaply  as  pos- 
sible, and  that  the  abandonment,  etc.,  of  portions  of  the  plant  was 
due  to  an  advance  in  the  art.  The  amount  of  total  depreciation 
to  the  time  of  taking  will  be  taken  up  under  the  head  of  depre- 
ciation. 

The  present  efficiency  of  the  plant  is  a  most  imjDortant  element  in 
this  study.  It  can  hardly  be  disputed  that  if  a  company  is  to  receive 
its  revenue,  it  must  perform  in  an  adequate  and  efficient  manner  the 
services  for  which  it  was  chartered,  namely,  provide  water  for  domestic 
and  manufacturing  puriJoses  and  for  fire  protection.  The  supply 
must  be  sufficient  in  quantity,  suitable  in  quality  and  delivered  through 
a  distribution  system  of  a  capacity  to  aflford  ample  protection  from  fire. 
The  pumping  machinery,  reservoirs,  etc.,  must  be  proj^erly  projjor- 
tioned  to  meet  the  existing  conditions.  If  the  system,  after  careful 
study,  is  found  to  be  deficient  in  any  way,  a  design  and  estimate  of 
cost  should  be  made  of  the  work  necessary  to  be  done  to  render  it 
capable  of  meeting  the  demands  upon  a  modern  water  supj^ly  system. 
It  is  in  this  study  that  the  technical  training  of  the  engineer  is  abso- 
lutely essential. 

Having  ascertained  the  condition  of  the  plant,  the  gross  revenue  is 
naturally  the  next  subject  of  study.  The  officers  of  the  company  are 
generally  willing  to  make  a  statement  of  the  revenue  at  such  a  time. 
Although  this  will  be  of  assistance,  it  does  not  follow  that  it  should 
always  be  used  as  the  basis  of  com^jutation.  The  rates  may  be  exor- 
bitant. No  hard  and  fast  rule  can  be  laid  down  for  the  treatment  of 
this  subject.  It  is  one  which  requires  wide  intelligence,  broad  judg- 
ment, and  a  fair  sj^irit.  It  would  be  hardly  safe  in  the  present 
tendency  of  public  opinion  and  legislation  to  assume  that  the  probable 
future  receijjts  of  a  company  could  be  based  upon  permanently  higher 
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Mi\Coftin.  rates  than  those  existing  in  neigliboring  public  works  under  similar 
conditions.  Looking  at  it  from  another  side,  after  the  municipality 
acquires  control,  the  rates  must  correspond  with  the  average  of  j)uljlic 
rates.  While  it  is  no  doubt  true  that  if  a  valuable  franchise  has  been 
given  to  a  private  corporation,  the  public  must  pay  when  it  again 
assumes  control,  svich  a  theory  should  not  lead  to  the  conclusion  that 
the  municipality  must  pay  a  capitalization  based  upon  rates  that  it 
cannot  maintain  when  the  control  passes  into  its  hands.  This  would 
oblige  it  to  pay  for  more  than  it  can  be  jiistly  said  it  ever  gave  away. 
It  must  not  be  lost  sight  of  that  in  general  no  franchise  or  right  in 
supplies  is  given  unless  the  municipality  has  the  right  in  some  form  to 
take  it  back,  and,  although  the  rights  of  the  public  in  many  cases 
have  not  been  guarded  as  they  should  have  been,  they  have  never 
been  wholly  relinquished.  Furthermore,  when  charters  are  granted, 
the  ostensible  argument  is  that  such  grants  are  primarily  to  pro- 
mote the  general  good,  and  only  secondarily  for  the  profit  of  a  few. 

If  municipal  rates  are  the  correct  basis  for  estimate  of  receipts,  a 
knowledge  of  the  revenue  from  rates  in  municipal  works  will  be  of 
assistance.  There  are  two  main  sources  of  revenue  in  private  or 
public  works,  the  water  rates,  or  revenue  from  consumers,  and  the 
appropriation  for  fire  protection,  or  the  revenue  from  tax-payers. 
These  two  items  should  be  studied  separately. 

By  consumers  are  meant  the  people  who  actually  live  upon  the  lines 
of  pipe.  There  is  certainly  a  great  variation  in  the  revenue  received 
l^er  consumer  in  different  places,  and  apparently  it  is  based  upon  no 
law,  either  of  the  number  of  consumers,  amount  of  consumption,  or 
cost  of  maintenance,  although  extremely  high  receii^ts  do  not  accom- 
pany low  cost  of  maintenance. 

In  a  collection  of  statistics  recently  made  by  the  writer,  the  follow- 
ing may  be  found:*  In  thirty-nine  systems,  mainly  in  New  England, 
which  were  supplied  by  pumping,  the  average  of  the  annual  receipts 

TABLE  No.  1. — Wateb-Works  Statistics  on  per  Consumek  Basis. 


Pumping. 

Gra\tty. 

Receipts. 

Cost  of 
operation. 

Total  mainte- 
nance, in- 
cluding inter- 
est and  depre- 
ciation. 

Receipts. 

Cost  of 
operation. 

Total  mainte- 
nance, in- 
cluding inter- 
est and  depre- 
ciation. 

Minimum. . 
Average... 
Maximum. 

$1.06 
2.17 
3.68 

$0.29 
0.91 
2.11 

$1.22 
2.58 
5.62 

1 

Sl.Tl 
2.40 
3.75 

$0.10 
0.50 
0.93 

$1.04 
2.29 
2.99 

*  "Financial  Management  of  Water-Works.' 
Works  Association,  Vol.  xi,  No.  1. 
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from  rates  per  consumer  were  $2.17;  the  minimum,  $1.06,  and  the  Mr.  Coffin, 
maximum  S3. 68.  In  72%  of  the  works  the  greatest  variation  either 
way  from  the  average  was  33j  per  cent.  In  ten  systems  supplied  en- 
tirely by  gravity,  the  average  was  $2.40;  the  minimum,  $1.71,  and  the 
maximum,  $3.75.  Table  Xo.  1  gives  a  comparison  of  the  anniial  re- 
ceipts, cost  of  ojieration  and  total  maintenance  in  these  pumping  and 
gravity  systems. 

In  this  table  the  average  cost  of  operation  is  shown  to  be  much  less 
in  gravity  than  in  jjumping  systems.  There  is  much  less  difference  in 
the  average  total  maintenance.  This  fact  is  due  to  the  greater  cost  of 
construction  and  consequent  greater  interest  and  depreciation  account 
in  gravity  works.  While  the  average  cost  of  maintenance  is  slightly 
higher  in  jjumping  systems,  the  average  receijjts  are  slightly  lower. 

General  principles  can  hardly  be  laid  down  for  the  treatment  of 
tire  protection.  Each  case  would  need  independent  investigation.  It 
is  ciistomary  for  the  comi^any  to  receive  a  certain  annual  payment  for 
lire  protection,  sometimes  based  upon  the  number  of  hydrants  and 
sometimes  independent  of  them.  Some  places  make  no  payment  for 
fire  ]5rotection,  but  put  in  the  hydrants  and  connections  at  their  own 
expense.  In  cases  where  there  is  a  contract  in  force,  the  amount  of  it 
can  be  added  to  the  revenue  from  rates.  "Where  no  payment  is  made 
there  are  two  possible  views :  one,  that  the  fire  service  is  performed  as 
a  compensation  for  the  franchise;  the  other,  where  rates  are  higher 
than  in  municipal  work.s,  that  the  fire  service  is  considered  as  an  offset 
to  this;  in  other  words,  that  higher  rates  were  allowed  rather  than  ap- 
propriate money  from  the  general  taxes.  With  either  view  no  addition 
woiild  be  made  to  the  revenue  from  rates;  with  the  latter,  the  rates, 
although  high,  would  be  maintained  as  the  basis  of  revenue. 

Whether  the  increase  of  revenue  due  to  the  probable  future  growth 
of  the  jDojiulation  should  be  considered  to  affect  the  value  of  the  franchise 
would  dejiend  much  upon  the  condition  of  the  plant.  If  the  develop- 
ment of  the  works,  especially  as  relating  to  the  supi>ly,  is  practically 
equal  to  the  present  demands,  it  seems  fair  to  say  that  no  account 
should  be  taken  of  future  growth,  for  the  reason  that  the  right  is  re- 
served to  the  municipality  to  take  the  works.  This  fact  must,  it 
seems,  invalidate  any  claim  that  the  product  or  increment  of  future 
growth  and  enterprise  is  mortgaged  to  a  corporation  (which  holds  the 
privilege  of  sujiplying  a  necessity),  the  charter  of  which  says  that 
the  municipality  may  assume  its  functions  at  some  or  any  future  time. 

If,  however,  it  has  been  necessary  in  order  to  provide  an  adequate 
supply,  to  lirovide  one  in  excess  of  present  demand,  and  the  company 
to  provide  a  suitable  system  was  obliged  to  undertake  construction 
not  entirely  warranted  by  present  returns,  or  if  in  designing  necessary 
improvements  it  is  necessary  to  estimate  upon  the  cost  of  such  excess 
capacity,  then,  in  justice,  the  futtire  should  be  considei-ed. 
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Mr.  Coffin.  While  considering  the  effect  of  future  growth  upon  revenue,  its 
effect  upon  construction,  extension  of  pipe  lines,  services,  etc.,  must 
also  be  studied,  as  well  as  that  upon  operation,  taxes,  depreciation  and 
interest.  In  estimating  the  value  of  the  franchise  in  future  years  only 
the  present  worth  of  such  value  at  the  time  of  taking  should  be 
allowed.  Any  estimate  of  inci'ease  of  revenue  should  be  very  con- 
servative, as  it  is  mere  projahecy  at  the  best,  and  examples  are  numerous 
of  rapid  growth  to  a  certain  i^oint  and  then  a  sudden  cessation.  An 
estimate  of  value  on  this  account  should  never  go  beyond  an  amount 
that  "will  make  the  company  entirely  whole  for  any  necessary  excess  of 
construction  cost. 

Under  the  head  of  maintenance  are  included  all  of  the  expenditures 
necessary  for  carrying  on  the  works,  the  operating  expenses,  taxes, 
interest  on  the  cost  of  the  plant,  and  a  sum  sufficient  to  make  good  the 
depreciation.  Here,  again,  the  accounts  of  the  operating  expenses  of 
the  company  are  tisually  available.  These  are  not  conclusive,  and 
often  require  careful  analysis  before  being  accepted.  The  accounts 
are  not  falsified,  but  the  apparent  cost  of  operation  is  to  a  certain 
extent  a  matter  of  book-keeping.  For  instance,  in  a  gravity  system 
supplying  3  500  consumers,  of  the  salary  of  the  superintendent  and 
collector  (8200  per  annum)  one-half  was  charged  to  construction.  For 
several  years  the  construction  account  varied  from  §6  to  S600  per 
year.  Items  usually  charged  to  repairs  were  in  some  instances  in  the 
construction  account.  There  may  have  been  no  intention  of  manipu- 
lating the  accounts,  but  they  seemed  to  support  a  claim  of  a  large  net 
revenue. 

It  vnll  generally  be  found  necessary  to  make  independent  and  dis- 
interested estimates  of  the  cost  of  operation.  This  should  be  done  on 
the  basis  of  such  cost  in  economically  managed  municipal  works. 
After  the  system  passes  into  its  hands,  the  municipality  will  have  to 
operate  the  works  upon  that  basis.  It  can  hardly  be  disputed  that, 
as  whatever  value  there  is  in  the  franchise  comes  first  from  the  public, 
it  should  not  have  to  pay  such  a  price  that  the  ordinary  charges  can- 
not be  met  with  the  revenue  available.  Or,  to  put  the  same  idea  in  a 
different  form,  a  value  should  not  be  awarded  based  upon  a  net  revenue 
inflated  by  a  penny-pinching  method  of  operation  and  general  manage- 
ment. If  the  contrary  were  true,  the  absurd  conclusion  would  be 
reached  that  the  most  cheaply  constructed  works,  operated  in  a  make- 
shift and  unsatisfactory  manner  and  charging  the  most  exorbitant 
rates,  were  the  most  valuable. 

There  is  a  great  variation  in  the  cost  of  annual  operation  as  in  the 
amount  of  annual  revenue.  It  is  not  difficult  for  an  engineer  versed 
in  water-works  management  to  make  an  estimate  of  the  reasonable  cost 
of  operation  in  any  given  place.  In  the  statistics  of  municipal  works 
before  referred  to,  the  cost  of  operation  in  fifty-two  cities  and  towns 
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varying  in  consumers  from  1  000  to  85  000,  and  in  cost  of  construction  Mr.  Coffin. 
from  ^53  000  to  $3  500  000,  is  given.     Table  No.  1  gives  the  minimum, 
average  and  maximum  cost    of   operation  per  consumer  per   annum 
in  those  systems.* 

The  taxes  that  are  actually  assessed  must  be  included  in  mainte- 
nance, as  the  company  pays  them,  and  the  municipality  in  coming  into 
possession  ceases  to  receive  them  and  its  revenue  in  that  department 
is  lessened  by  that  amount.  Taxes  on  necessary  proposed  improve- 
ments should  be  estimated. 

Although  sometimes  omitted,  every  estimate  of  the  cost  of  main- 
tenance should  include  a  sum  equal  to  the  average  yearly  depreciation 
of  the  j)lant.  In  treating  the  subject  under  discussion,  it  is  the  de- 
preciation of  the  plant  rather  than  a  sinking  fund  to  redeem  the  bonds 
at  maturity  that  should  be  considered.  Perhaps  the  best  way  of  pro- 
viding for  depreciation  is  the  creation  of  a  sinking  fund.  In  this  con- 
nection it  should  be  based  upon  the  life  of  the  plant  and  not  upon  the 
maturity  of  the  bonds.  While  it  is  true  that  the  provision  for  payment 
of  the  bonds  is  the  sum  which  the  municipality  must  raise  each  year, 
yet  if  this  sum  exceeds  the  amount  of  the  depreciation,  such  excess 
constitutes  a  cumulative  asset  of  the  system  and  should  not  be  charged 
to  maintenance.  On  the  other  hand,  if  it  is  less  than  the  dejirecia- 
tion,  it  will  not  be  sufficient  to  renew  the  plant  when  it  is  worn  out  or 
superseded,  and  in  this  case  the  deficiency  would  become  a  debt  in- 
creasing with  the  age  of  the  works. 

The  available  data  bearing  upon  the  rate  of  depreciation  of  water, 
works  plants  are  very  few.  Many  kinds  of  materials,  of  which  the  rate 
of  depreciation  is  by  no  means  the  same,  enter  into  their  construction. 
The  abandonment  of  portions  of  the  plant  that  have  been  rendered 
obsolete  by  the  progress  of  improvement,  or  of  supplies  that  have 
been  outgrown,  the  reduction  of  the  capacity  of  pipe  lines  by  tuber- 
culation,  and  the  necessity  of  laying  larger  lines  caused  by  iinexpected 
growth  in  certain  sections,  etc.,  as  well  as  the  actual  wearing  and  giv- 
ing out  of  the  plant,  should  be  included  under  this  head. 

With  the  present  knowledge,  the  most  rational  method  of  estimat- 
ing the  depreciation  is  to  consider  the  average  life  of  the  jilant  as  a 
whole,  before  it  must  be  replaced  by  new  construction.  Each  plant 
must  to  a  certain  extent  be  considered  by  itself. 

It  is  evident  that  a  gravity  system  taking  its  supi^ly  from  a  natural 
lake,  or  from  a  basin  created  by  the  construction  of  an  earth  or  ma- 
sonry dam,  has  a  longer  life,  so  far  as  durability  alone  is  considered, 
than  a  system  supplied  by  jjumping  from  a  system  of  driven  wells  into 
a  metal  stand-pipe  or  tank. 

*  Reports  from  those  systems  which  print  their  statistics  in  the  form  approved  by 
the  New  England  Water-Works  Association  contain  exceedingly  valuable  information 
for  the  engineer  who  is  making  investigations  on  these  lines. 
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Mr.  Coffin.  Taking  into  accoiiut  improvements  in  machinery,  outgrowth  of  suj)- 
plies,  reduction  of  pipe  cai?aeity,  and  other  causes,  it  is  probable  that 
the  average  life  of  well-built  and  fairly  well-designed  plants  would  not 
be  far  from  thirty-five  to  forty  years.  If  a  sum  equal  to  the  cost  of 
the  works  is  provided  at  the  end  of  this  period,  whatever  the  length  of 
it  may  be  determined  to  be,  ample  provision  is  made  for  depreciation, 
so  far  as  human  foresight  can  tell.  A  sum  equal  to  1^%  of  the  cost  of 
the  works  put  at  compound  interest  each  year  at  3%  jier  annum  will 
23roduce  a  sum  equal  to  the  total  cost  of  the  works  in  thirty-seven 
years. 

As  an  average  rate  to  be  modified  by  extreme  conditions  of  dura- 
bility or  deterioration,  1^%  of  the  total  cost  of  the  works  would  be  a 
fair  estimate  of  the  annual  depreciation,  this  amount  to  be  invested 
each  year  to  create  a  sinking  fund,  in  estimating  the  value  of  which 
it  is  not  safe  to  use  a  high  rate  of  interest,  as  time  is  liable  to  be  lost  in 
seeking  a  desirable  investment.  Table  No.  2  gives  the  number  of  years 
that  will  elapse  before  various  percentages  of  the  total  cost,  set  aside 
each  year,  will  at  different  rates  of  interest  equal  the  said  total  cost. 

TABLE  No.  2. — GrvTNG  the  Number  of  Yeaks  Requieed  fok  Vakegus 
Percentages  to  Equal  the  PKrNCiPAij  at  Different  Eates  or 
Interest. 


Average  Rate 

3P  Interest  on  Investments. 

Per  cent,  paid  in 

each  year. 

2  per  cent. 

2}4  per  cent. 

3  per  cent. 

3J^  per  cent. 

4  per  cent. 

i^per  cent 

81  years. 

73  years. 

66  years. 

61  years. 

56  years. 

1 

56 

51 

47      " 

44      " 

41      ' 

1^       ' 

43 

41 

37      " 

35      " 

33      ' 

2          ' 

35 

33 

31       " 

30      " 

28      ' 

^       ' 

30 

28 

27      " 

26      " 

24      ' 

3 

26 

25 

24      " 

23      " 

22      ' 

3^        ' 

23 

22 

21       " 

20      " 

20      ' 

4 

21 

20 

19      " 

18      " 

18      ' 

4^        ' 

19 

18 

18      " 

17      " 

16      ' 

5 

17      " 

17      " 

16      " 

16      " 

15      " 

In  this  table  the  nearest  whole  year  is  given. 

When  the  yearly  rate  of  depreciation  is  determined  for  any  system, 
it  is  a  simple  matter,  on  the  basis  that  has  been  indicated,  to  compute 
the  total  depreciation  for  any  number  of  years  from  the  beginning  of 
the  works.  It  is  the  value  at  that  time  of  the  sinking  fund  created  to 
provide  for  the  depreciation.  If  large  amounts  have  been  spent  in 
construction  at  later  dates  than  the  beginning,  each  installment  can  be 
treated  sejDarately.  Small  yearly  additions  to  construction  can  be 
averaged.     It  is  evident  that  when  the  total  dei^reciation  reaches  the 
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value  of  the  construction,  the  cost  of  such  construction  should  be  Mr.  Coffin. 
dropped  from  consideration  and  no  further  jn-ovision  made  for  interest 
or  dejjreciation  upon  it. 

Table  No.  3  gives  the  depreciation  of  each  $1 00  worth  of  construction 
at  various  rates  of  dejireciation  and  diflferent  rates  of  interest  on  the 
sinking  fund. 

TABLE  No.  3.— Depeeciation  of  .^100  Wokth  of  Plant. 


Percentage  op  Cost  Set  Aside  Each  Year. 

Age  of  plant  at 

1  per  cent. 

U  per  cent. 

2  per  cent. 

time  of  taking. 

Rate  on  investment. 

Rate  on  investment. 

Rate  on  investment. 

3  per  cent. 

4  per  cent. 

3  per  cent. 

4  per  cent. 

3  per  cent. 

4  per  cent. 

1  year 

2  years 

3  ••    

$1.00 
2.03 
3.09 
4.18 
5.31 
6.47 
7.66 
8.89 
10.16 
11.46 
12.81 
14.19 
15.62 
17.09 
18.60 
20.16 
21.76 
23.41 
25.12 
26.87 
28.68 
30.54 
32.45 
34.43 
36.46 
38.55 
40.71 
42.93 
45.22 
47.58 
50.00 
52.50 
55.08 
57.73 
60.46 
63.28 
66.17 
69.16 
72.23 
75.40 
78.66- 
82.02 
85.48 
89.05 
92.72 
96.50 

$1.00 
2.04 
3.12 
4.25 
5.42 
6.63 
7.90 
9.21 
10.58 
12.01 
13.49 
15.53 
16.63 
18.29 
20.02 
21.82 
23.70 
25.65 
27.67 
29.73 
31.97 
a4.25 
36.62 
39.08 
41.65 
44.31 
47.08 
49.97 
52.97 
56.08 
59.33 
62.70 
66.21 
69.86 
73.65 
77.60 
81.70 
85.97 
90.41 
95.03 
99.83 

81.50 
3.05 
4.64 
6.27 
7.96 
9.71 
11.49 
13.34 
15.24 
17.19 
19.21 
21.29 
23.43 
25.63 
27.90 
30.24 
32.64 
35.12 
37.68 
40.30 
43.02 
45.81 
48.68 
51.64 
54.69 
57.83 
61.06 
64.40 
67.83 
71.37 
75.00 
78.75 
82.62 
86.60 
90.69 
94.92 
99.26 

$1.50 
3.06 
4.68 
6.37 
8.12 
9.95 
11.85 
13.82 
15.87 
18.01 
20.23 
22.54 
24.94 
27.44 
30.03 
32.74 
35.54 
38.47 
41.50 
44.67 
47.95 
51.38 
54.93 
58.62 
62.47 
66.47 
70.62 
74.95 
79.45 
84.12 
88.99 
94.05 
99.31 

$2.00 
4.06 
6.18 
8.36 
10.62 
12.94 
15.32 
17.78 
20.32 
22.93 
25.61 
28.38 
31.23 
.34.17 
37.20 
40.31 
43.52 
46.83 
50.23 
53.74 
i        57.. 35 
61.07 
'        64.90 
!        68.86 
i        72.92 
77.10 
81.42 
85.86 
90.44 
95.16 

$2.00 
4.08 
6.24 

4     "     

8.49 

5      "     

10.83 

6      "     

13.26 

15.80 

8      "     

18.43 

9      "     

21.16 

10      "     

24.02 

11      "     

26.97 

12      "     

30.05 

13      "     

33.25 

14      ''     

36.58 

15      "     

40.05 

16  '•     

17  "     

43.65 
47.34 

18      " 

51.29 

19      "     

55. *4 

2'J      "     

59.56 

21      •'     

63.94 

22      •'     

68.50 

23      ^'     

73.24 

21      "     

78.16 

25      '•     

83.30 

26      "     

88.62 

27     •'     

94.16 

28      "     

99.84 

29      "     

3'J      •'     

31  "     

32  "     



33      "     

34      "     

33      "     

36      '^     

37      "     

38      "     

39      "     

40      "     

41      "     

42      "     

43      "     

44      "     

45      "     

46      "     
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Mr.  Coffln.  Interest  must  be  computed  upon  the  total  cost  of  tlie  jalant,  includ- 
ing the  cost  of  necessary  imiirovement.  The  rate  of  interest  would 
vary  with  local  conditions.  The  usual  rate  in  New  England  is  4c%  on 
the  bonds  of  municipalities,  and  5%  on  those  of  i^rivate  companies. 

By  treating  the  subject  in  a  slightly  different  manner,  the  interest 
upon  the  cost  need  not  be  considered.  The  capitalization  of  the  net 
revenue  found  without  considering  the  interest  account  as  part  of  the 
maintenance  would  represent  the  value  of  the  system  as  a  whole,  in- 
cluding both  franchise  and  plant.  In  this  method  the  total  deprecia- 
tion of  the  plant  to  the  time  of  taking  and  the  cost  of  improvements 
must  be  deducted  from  the  above  cajjitalization. 

"When  the  sum  total  of  operating  expenses,  taxes,  depreciation  and 
interest  is  deducted  from  the  gross  revenue,  the  amount  remaining  is 
the  net  revenue  or  the  income  derived  from  the  franchise,  and  its  capi- 
talization represents  the  value  of  the  latter. 

The  total  value  of  a  water  supply  system  is  the  total  legitimate 
cost  of  the  plant  to  the  date  of  taking,  less  total  depreciation  to  said 
date,  plus  the  value  of  the  franchise  as  represented  by  the  capitaliza- 
tion of  the  net  revenue. 

No  general  statement  can  be  made  of  the  exact  rate  of  capitaliza- 
tion. It  is  probable,  however,  that,  even  in  a  municipality  in  a  stable 
and  flourishing  condition,  no  capitalist  would  pay  a  greater  sum  for 
the  franchise  than  one  that  would  allow  him  6%  as  a  minimum  upon 
his  investment,  although  he  might  be  willing  to  accept  5%  or  even  4:% 
as  interest  on  the  sum  invested  in  the  tangible  property,  or  the  plant. 

To  give  an  exami^le  of  the  working  of  the  preceding  principles  as 
applied  to  a  concrete  case,  take  that  of  Haverhill,  Mass.  The  com- 
mission was  comi^osed  of  business  men  and  lawyers  of  high  standing. 
Some  of  the  lirineii^les  already  given  were  dwelt  upon  in  the  evidence, 
but  not  as  completely  and  logically  as  the  writer  has  tried  to  analyze 
them  here.  The  basis  upon  which  the  commission  made  its  award  is 
not  known.  The  Haverhill  Aqueduct  Company  was  incorporated  in 
1802,  and  commenced  work  m  1803.  The  city  took  the  system  in  1891. 
The  following  are  practically  the  facts  as  shown  by  the  evidence. 
Cost  of  construction,  1867  to  1891,  S344  376.84.  These  are  the  com- 
pany's figures  and  were  admitted  by  the  city,  with  the  exception  of 
S14  000.  The  company  made  no  claim  for  construction  j^rior  to  1867, 
admitting  that  it  was  practically  valueless  in  1891.  Evidence  showed 
much  depreciation  of  the  latter  construction. 

The  evidence  on  both  sides  showed  need  of  improvements  ;  the 
company's  engineers  made  no  estimate.  The  engineers  of  the  city 
submitted  their  estimates  of  different  methods,  namely,  S283  280, 
§350  000  and  $382  000.  The  supply  was  claimed  to  be  abundant  by 
the  comj^any,  and  deficient  by  city's  experts.  The  estimates  did  not 
include  a  new  supply. 
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The  company  showed  the  gross  revenue  to  be  $85  265  in  1891 ;  not  Mr.  Coffin, 
disputed  by  the  city. 

The  operating  expenses,  including  taxes,  which  were  not  separated 
in  the  evidence,  were  shown  by  the  comiJany  to  be  §22  465  in  1891. 

As  the  cost  of  construction  was  mainly  for  cement-lined  mains, 
iron  stand-pipes  and  low-duty  pumping  machinery,  2^'o  oi  the  total 
cost  each  year  at  S%  on  the  investment  will  be  taken  as  equal  to  the 
depreciation.  This  rate  would  renew  the  plant  in  31  years  (see  Table 
No.  2).  Table  No.  4  gives  the  amounts  and  dates  of  construction  with 
respective  depreciation  shown  in  groups  of  four  years  each  since  1867. 

TABLE  No.  4. —Construction  and  Depreciation  of  Haverhxli, 

Plant. 


Date. 

Amount  of  con- 
struction. Com- 
pany's figures. 

Average  at 
time  of  taking. 

Total  deprecia- 
tion per  $100. 
From  Table  No.  3. 

Total  depreciation 

of  system  at  time 

of  taking. 

1867  to '70 

1871  "  '74 

1875  "  '78 

1879  "  '82 

1883  "  '86 

1887  "  '91 

$38  890.99 
41431.23 
21  044.26 
81  957.60 
86  501.30 
74  551.46 

22   years 

18 
14 

10       " 
6 

2J      " 

$61.07  per  $100 
46.83 
34.17 
23.93 
13.94        " 
5.18 

$23  750.73 
19  403.34 
7 190.83 
18  792.88 
11  193.27 
3  861.77 

Total 

$344  376.84 

$84  191.71 

It  may  be  fair  to  say  that  judging  by  the  evidence  there  was  prac- 
tically a  sufficient  supj^ly  for  the  demands  in  1891,  but  it  would  not  be 
safe  to  depend  upon  the  present  sources  for  a  greater  draft.  This 
view  is  borne  out  by  later  history.  The  city  reduced  the  consumption 
somewhat  by  placing  meters  on  the  services  of  large  consumers,  and 
in  1895  an  additional  supply  was  developed,  the  city  in  the  meantime 
narrowly  escaping  a  shortage  of  water,  although  no  such  dry  jaeriod 
was  experienced  as  is  recorded  from  about  1880  to  1883.  The  State 
Board  of  Health  officially  expressed  the  opinion  that  the  proposed 
additional  supply  was  needed  at  once. 

The  evidence  on  both  sides  showed  the  need  of  improvements  to 
the  plant.  The  lowest  estimate  made  by  the  city's  engineers  was  not 
criticized  by  the  exj^ert  of  the  company,  although  questioned  in  regard 
to  the  estimates,  and  as  no  estimate  of  such  imijrovements  was  offered 
by  the  company  it  cannot  be  unfair  to  use  the  said  estimate  of 
$283  280. 

The  comjjany  showed  a  gross  revenue  (no  revenue  for  fire  protec- 
tion, the  city  owning  the  hydrants)  of  $85  265  in  1891.  As  the  city 
immediately  reduced  the  rates,  causing  a  reduction  of  about  10^  in 
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Mr.  Coffin,  revenue  as  comijared  with  old  rates,  and  as  in  1893  the  city  received 
(after  the  reduction)  a  revenue  of  §3.15  per  consumer  as  compared 
with  §2. 17  and  $2.40  as  the  respective  averages  in  pumping  and  gravity 
systems,*  it  does  not  seem  unfaii*  to  make  an  equal  reduction  in  the 
gross  revenue  as  given  by  the  company,  or  .?85  265  less  10%  —  §76  789 
as  the  equitable  gross  revenue. 

The  total  annual  maintenance,  including  oijerating  expenses  and 
taxes,  was  not  distributed  and  therefore  cannot  be  treated  quite  so 
intelligently  as  it  otherwise  might.  It  seems,  however,  by  com- 
parison with  the  operating  expenses  of  other  places  that  it  can 
hardly  be  criticized  and  will  be  taken  as  given  by  the  company,  or 
§22  465. 

The  depreciation  on  the  jjlant  in  1891  will  be  taken  as  2%  per 
annum  on  .§344376. 84,  which  is  equal  to  §6  887.54.  To  this  must  be 
added  the  depreciation  on  the  necessary  improvements.  As  these  im- 
provements will  be  largely  in  the  form  of  cast-iron  pipe  and  fairly 
durable  material,  a  rata  of  1^%  invested  at  an  average  interest  of  B% 
will  be  assumed.  This  rate  would  renew  the  construction  in  37  years, 
and,  api^lied  to  the  cost  of  improvements,  or  .§283  280,  is  equal  to  the 
sum  of  §4  249.20,  making  total  annual  depreciation  account  §11 136.74. 

The  annual  interest  charge  will  be  upon  the  total  cost,  including 
that  of  necessary  improvements,  or  the  sum  of  §344  376.84  +  §283  280 
or  §627  656.84.   'tMs  at  5%  is  equal  to  §31  382.84. 

The  preceding  figures  show  total  maintenance  to  be  as  follows: 
Operating  expenses  and  taxes,  §22  465;  depreciation,  §11  136.74;  in- 
terest, §31  382.84;  total  maintenance,  §64  984.58. 

On  the  basis  outlined  the  net  revenue  is  as  follows:  Gross  revenue, 
§76  739;  annual  maintenance,  §64  984.58;  net  revenue,  §11  754.42. 

As  the  supi^ly  and  plant  are  considered  as  sufficient  only  for  present 
needs,  the  jjrospective  growth  will  not  be  considered. 

The  value  of  the  franchise  is  the  capitalization  of  the  net  revenue, 
and  in  this  case  is  equal,  at  the  rate  of  G%,  to  §11  754.42  -|-  0.06  = 
§195  907. 

The  value  of  the  system  is  as  follows :  Cost  of  construction,  §344- 
376.84;  total  depreciation.  Table  No.  4,  §84  191.71;  difference,  §260- 
185.13;  add  the  value  of  the  franchise,  .§195  907,  and  the  value  of  the 
system  is  found  to  be  .§456  092. 13. 

These  figures  were  made  as  an  ai^i^lication  of  the  principles  ad- 
vanced and  entirely  independent  of  any  comparison  with  the  award  of 
the  commission,  which  was  §637  500. 

As  showing  how  the  result  is  affected  by  a  difference  of  opinion 
upon  the  method  of  treatment  of  some  elements,  the  following  state- 
ment is  compiled: 

*  Haverhill  was  supplied  in  about  the  proportion  of  Q6X  by  gravity  and  33,V  by 
pumping. 
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Value  of  system  as  awarded  by  commission ^637  500  Mr.  Coffin. 

By  the  foregoing  computations 456  092 

If  the  deduction  of  10%  had  not  been  made  from  gross 

reveniie,  other  conditions  remaining  the  same. . . .     598  200 
If  the  preceding  comi)utations  had  been  followed  and 

the  net  revenue  capitalized  at  5%  instead  of  6% . .     495  273 
If  the  same  computation  had  been  followed,  but  the 

annual  interest  rate  put  at  4:%  instead  of  5% 560  700 

There  was  an  element  ia  the  case  of  Haverhill  not  considered  in 
the  foregoing.  It  is  one  that  is  to  a  certain  extent  common  to  all 
systems.  Haverhill  was  a  city  of  ajiproximately  30  000  jjeople.  The 
company  had  taken  the  lakes  or  ponds,  the  water  from  which  was 
suj)plied  by  gravity,  and  one  lake  quite  near  the  city,  the  water  of 
which  was  pumped.  The  lakes  were  all  natural  basins,  and  required 
very  little  construction  to  develop  them.  Any  future  sui^iJlies  must 
be  secured  at  much  greater  expense  and  will  require  pumping.  The 
same  is  true  of  jjractically  all  water  systems.  Naturally  the  most 
available  and  inexi)ensive  supplies  are  taken  first.  It  is  generally  as- 
sumed that  growth  of  population  renders  water-works  properties 
more  valuable,  which  is  true  to  a  certain  point,  beyond  which  the 
returns  upon  the  investment  may  be  less  rather  than  more.  In  view 
of  this  it  would  be  quite  proper  to  consider  the  i^rivileges  that  com- 
panies have  had  given  them  in  the  way  of  available  supplies,  and  in- 
stead of  cajDitalizing  all  of  this  advantage,  reserve  some  of  it  to  make 
good  the  probable  increased  expense  in  the  future. 

WiLiiiAH  Wheelek,  M.  Am.  Soc.  C.  E. — The  subject  of  the  paper  Mr.  Wheeler, 
is  one  of  large  and  growing  interest  and  importance,  by  virtue  of  the 
prevalent  tendencies  toward  the  municii^al  acquirement  and  control  of 
quasi-public  works,  properties  and  functions.  The  aijplication  of  the 
author's  analyses  of  value  to,  and  their  comparison  with,  the  awards 
made  in  certain  specified  cases  are  interesting,  but  it  does  not  clearly 
appear  whether  the  methods  or  jDrinciples  of  valuation  so  illustrated 
were  among  those  received  or  made  use  of  by  the  commissioners  in  the 
cases  cited,  in  making  theii-  deductions  and  findings  as  to  value. 

It  is  to  be  hoped  that  eventually  among  the  numerous  cases  of 
water-works  appraisal  by  commissioners  and  referees,  comprising 
jurists  of  national  reputation,  engineers  of  high  standing,  and  business 
men  of  the  first  order  of  ability  and  experience,  the  bases  or  consid- 
erations upon  which  they  have  deemed  it  proper  to  determine  and  fix 
the  price  or  value  of  such  works  and  property  shall  be  more  clearly 
defined  or  disclosed,  to  the  end  that  authoritative  rules  governing  the 
kind  of  facts  and  the  lines  of  evidence  and  testimony  aj^propriate  to 
such  cases  may  be  evolved,  and,  through  appeal,  subjected  to  the 
approving  test  of  the  courts  of  last  resort. 
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Mr.  \Vheeler.  To  those  who  participate  as  counsel  or  as  experts  in  the  prepara- 
tion autl  presentation  of  evidence,  either  as  facts  or  opinions  bearing 
on  value,  the  admission  or  exclusion  of  certain  lines  of  testimony 
affords  already  some  indication  of  what  particular  tribunals  deem 
pertinent,  but  comparatively  few  of  such  rulings  appear  as  yet  to  have 
been  brought  to  such  final  test,  or  to  have  led  to  the  evolution  or 
establishment  of  any  rules  or  principles  governing  the  limitation  of 
evidence  pertinent  to  the  particular  problem  of  adjudicating  the  value 
of  an  entire  corporate  property,  or,  in  other  words,  of  the  works  and 
business  and  the  franchises  under  which  such  works  and  business,  are 
operated  and  transacted. 

The  need  or  desirability  of  aiitheuticating  such  lines  of  evidence 
and  testimony  becomes  apparent  when  the  wide  differences  are  con- 
sidered that  occur  in  the  practice  and  rulings  of  commissioners  and 
referees,  even  in  the  same  state.  Thus  in  the  jiurchase  and  valuation 
of  the  works  of  the  Haverhill  Aqueduct  Company  in  Massachusetts 
the  opinions  of  experts  ujaon  the  value  and  also  upon  appropriate 
methods  of  determining  value  were  excluded,  quite  contrary  to  the 
practice  in  the  courts  for  proving  or  showing  the  value  of  real 
estate  and  other  material  property,  and  contrary,  indeed,  to  the 
practice  of  commissions  and  referees  in  all  other  water-works  valua- 
tion cases  in  that  commonwealth  participated  in  by  or  known  to  the 
writer. 

In  another  Massachusetts  case,  that  of  the  valuation  of  the  works 
of  the  Braintree  Water  Supply  Company,  the  non-existence  of  any 
contract  wdth  the  municipality  for  hydrant  service  did  not  exclude 
consideration  of  the  true  value  of  the  hydrant  service  which  the  works 
afforded  for  the  protection  of  property  against  fire,  and  very  properly, 
too,  it  would  seem,  since  the  capacity  to  render  service  is  the  first 
element  of  utility  or  value  to  be  measured  by  the  j^rice  to  be  de- 
termined for  payment  by  the  municipality,  and  in  this  case  the  experts 
upon  both  sides  were  not  only  in  substantial  agreement  as  to  the 
principle,  but  were  in  practical  accord  as  to  the  money  equivalent  ot 
the  service,  allowing  therefor  substantially  the  same  sum  as  its  fair 
annual  rental  vahxe. 

In  the  same  case,  also,  experts  upon  both  sides  submitted,  as  bases 
for  valuation,  opinions  or  estimates  of  future  earning  capacity,  i.  e. , 
of  service  value,  which  exceeded  not  only  the  actual  earnings  at  the 
date  of  the  taking  or  purchase  (when  the  works  were  still  in  process 
of  construction  and  serving  only  a  limited  number  of  customers),  but 
which  exceeded  also  the  earnings  that  were  being  realized  at  the  time 
of  the  hearings,  some  three  years  later,  after  the  works  had  been  in 
full  operation  by  the  company  nearly  two  years  ;  while  the  award  of 
the  commissioners  clearly  required  as  its  warrant  and  justification  a 
larger  basis  of  value  than  was  afforded  by  the  actual  cost  of  construe- 
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tion,  the  cost  of  duplication,  or  the  capitalization  of  net  income  re-  Mr  Wheeler, 
ceived  np  to  or  at  the  time  when  the  case  was  closed. 

In  like  manner  the  current  schedule  of  water  rates  for  domestic 
service,  whether  established  solely  at  the  will  of  the  water  company  or' 
limited  to  a  maximum  under  its  contract  with  the  municipality,  or 
forced  down  to  an  unprofitable  degree  through  the  arbitrary  and  unre- 
strained exercise  of  power  vested  in  the  municipality  either  by  con- 
tract or  statute,  should  not  be  permitted  to  have  an  unqualified 
bearing  upon  the  value  of  the  plant.  The  weight  to  be  given  to  the 
net  revenue  as  afi"ected  by  the  particular  water  rates  in  force  at  the 
time  of  purchase  should,  as  in  the  foregoing  consideration  of  unpaid 
or  unsold  hydrant  service,  be  governed  by  the  fair  value  of  that  ser- 
vice, in  view  of  all  the  considerations  bearing  thereon,  most  of  which 
the  author  has  so  well  suggested  and  illustrated. 

It  is  upon  such  considerations  as  these,  therefore,  that  the  writer 
would  qualify  the  author's  view  that  "any  change  in  the  schedule  of 
water  rates  or  in  the  fixed  rates  of  payment  contracted  for,  as,  for 
instance,  hydrant  rentals,  affects  the  amount  of  revenue  and  propor- 
tionately the  value  of  the  i:)lant." 

In  no  case  that  has  come  to  the  writer's  attention  has  testimony 
tending  to  show  that  the  water  supply  has  extraordinary  or  peculiar 
merit  in  quality,  and  therefore  special  value  upon  that  account,  been 
admitted  in  the  face  of  the  assent  of  the  purchasing  municipality  that 
the  water  was  "good  and  potable,"  that  is,  suitable  for  all  the  ordinary 
purposes  of  a  public  water  supply.  On  the  other  hand,  where  the 
quality  of  the  water  is  unsuitable  or  unsafe  by  reason  of  pollution  or 
otherwise  for  all  the  higher  uses  of  a  public  water  supply,  that  is,  for 
drinking  and  culinary  purjjoses,  evidence  as  to  its  unsuitableness  is 
clearly  admissible,  and  in  all  such  cases  it  is  not  unfair  or  inequitable 
that  the  projierty  should  be  charged  with  such  a  reasonable  sum  as 
would  have  to  be  exiDended  to  render  the  sujjply  good  and  wholesome 
beyond  reasonable  doubt. 

The  limitation  by  a  sj^ecial  legislative  charter  of  the  amount  of  the 
capital  stock  of  a  water  company,  and  of  the  total  amount  of  the  real 
and  personal  estate  which  it  may  hold,  does  not  necessarily  limit  the 
price  or  valuation  of  the  property  in  case  of  its  purchase  by  the 
municiijality. 

In  the  case  of  West  Springfield  vs.  The  West  Springfield  Aqueduct 
Company,  the  award  of  the  commissioners  was  ^125  430. 13,  with  inter- 
est from  the  date  of  the  vote  to  purchase.  The  company's  charter 
authorized  it  to  hold  real  and  personal  estate  not  exceeding  in  amount 
^60  000  in  value,  and  provided  that  "the  whole  capital  stock  shall  not  ex- 
ceed ^75  000,"  which  sum  also  was  therein  made  the  limit  of  the  amount 
of  notes,  bonds  or  certificates  of  indebtedness  which  the  town  was 
authorized  to  issue  to  defray  the  cost  of  the  projjerty  in  the  event  of 
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Mr.  Wheeler,  its  purchase.  The  town  contended  that  the  company  in  accepting  its 
charter  virtually  made  a  continuing  oflfer  to  sell  to  the  town  the  prop- 
erty to  be  acquired  and  held  thereunder  at  not  exceeding  !$75  000,  and 
that  the  commissioners  erred  in  awarding  a  larger  sum.  The  Supreme 
Court  deny  this  contention,  and  say  : 

"These  provisions  perhajjs  indicate  an  opinion  on  the  part  of  the 
legislatiire  that  the  price  of  the  franchise  and  of  all  the  corporate 
property  of  the  corijoration  probably  would  not  exceed  S75  000 
*  *  *  "but  it  is  not  made  a  condition  of  the  right  of  the 
town  to  take  or  purchase  the  property  that  the  sum  to  be  paid  or 
awarded  shall  not  exceed  $75  000. "  *  *  *  "  If  more  money  is 
needed  to  pay  for  the  property  than  can  be  derived  from  the  notes, 
bonds  or  certificates  of  indebtedness  *  *  *  the  town  must 
raise  the  remainder  in  some  other  way."'  *  *  *  "The  town 
must  pay  the  value  of  the  property  the  corporation  owns,  if  it  is 
property  which  pertains  to  the  i^uri^oses  for  which  the  company  was 
incorporated,  even  although  the  amount  of  property  exceeds  that 
which  the  corporation  is  authorized  to  hold.  This  limitation  of  the 
amount  of  j^roperty  has  been  imposed  by  the  legislature  for  public 
reasons,  and  it  may  be  enforced  by  the  commonwealth,  but  the  town 
cannot  take  advantage  of  it  to  obtain  the  title  to  any  of  the  property 
of  the  corporation  without  paying  its  value." 

As  to  the  consideration  to  be  given  to  the  value  of  the  small  pipes 
of  a  growing  water-works  system  and  as  affected  by  the  service  to 
which  they  contribute,  pijDes  that  were  perhaps  originally  laid  where 
hydrant  jirotection  was  not  called  for  and  when  provision  for  it  was 
not  warranted,  the  capacity  of  plant  to  be  i^rovided,  both  in  its  supply 
and  distribution  features,  should  be  co-ordinated  with  or  adapted  to 
the  prospective  service  to  be  supplied  thereby,  consideration  being 
given  both  to  the  initial  amount  and  the  probable  rate  of  the  future 
increase  thereof.  As  a  rule,  it  may  be  said  that  the  jjrovision  or  sub- 
stitution of  larger  pipes  when  they  become  needful  to  meet  the  re- 
quirements of  a  growing  business,  including  j^erhaps  fire  protection, 
is  coincident  with  or  followed  by  such  an  increase  in  the  net  revenue 
to  be  derived  therefrom  as  to  afford  a  more  profitable  return  upon  the 
capital  required  therefor  than  the  original  or  supplanted  work  afforded 
upon  the  capital  invested  at  the  outset.  Thus  a  pipe  that  has  become 
too  small  by  reason  of  the  growth  of  the  service  required  of  it  may, 
from  the  very  opportunity  and  obligation  which  that  condition  both 
affords  and  imposes,  be  of  greater  value,  than  if  through  lack  of  such 
gi-owth  the  pipe  had  continued  to  be  adequate  for  the  service  required 
of  it. 

Condition  and  capacity  of  jjlant  have  further  bearings  ujjon  the 
question  of  value.  In  order  to  warrant  or  justify  valuation  upon  the 
basis  of  the  entire  net  earnings  at  the  time  of  purchase  or  taking,  the 
works  and  property  must  be  in  a  fair  condition  as  to  capacity,  quality 
and  repair  (according  to  the  standard  of  the  times)  to  render  ade- 
quately and  maintain  the  service  upon  which  such  earnings  accrue. 
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Failing  therein  tlie  i^roperty  is  chargeable  in  offset  with  the  reasonable  Mr.  Wheeler. 
cost  of  bringing  it  up  to  that  standard.  If  on  the  other  hand  the 
works  and  iirojiertv  have  been  so  constructed  or  so  enlarged  and  main- 
tained as  clearly  to  be  more  than  adequate  in  their  general  condition 
and  capacity  to  jierform  the  service  upon  which  the  earnings  at  the 
time  of  jiurchase  accrue,  or,  in  other  words,  are  adequate  to  provide 
for  a  large  future  development  and  growth  of  service  and  revenue, 
then  there  arises  conversely  the  consideration  of  a  further  value,  either 
in  the  form  of  a  credit  for  the  value  of  the  excess  of  their  actual 
capacity  above  the  service  requirements  at  the  time  of  jjurchase,  or 
for  the  present  worth  of  the  increase  in  their  future  earning  capacity 
or  service  properly  capitalized,  which  value  in  some  form  is  inherent 
in  the  rights  and  property  to  be  apjjraised. 

Future  earning  caisacity,  in  the  absence  of  clearly  defined  con- 
tractual or  legislative  provision  to  the  contrary,  is  usually  considered 
as  an  element  affecting  "  fair  value  "  or  the  "market  value  "  of  such 
properties.  The  fitness  of  this  view  may  be  suggested  thus  :  An  in- 
vestment security  or  property,  the  returns  upon  which  are  derived 
from  the  revenues  of  the  business  in  which  it  represents  an  interest, 
siich  as  a  dividend-paying  stock,  is  valued  in  the  open  market  upon 
the  amount  and  liermanence  of  its  earnings  or  dividend-j)aying 
capacity.  If  the  earnings  or  capacity  for  earning  under  ordinary  and 
normal  conditions  are  comparatively  fixed  and  uniform  in  amount 
from  year  to  year,  the  stock  or  property  will  have  a  certain  market 
value  resting  upon  the  fixed  and  uniform  rate  of  its  earnings  or  con- 
dition of  business.  If  the  earnings,  however,  under  the  ordinary  and 
normal  conditions  affecting  them  are  at  the  time  of  purchase  or  valua- 
tion the  same  in  amount,  but  undergoing  gradual  diminution,  that  is, 
showing  a  downward  tendency,  then  the  value  of  such  a  property  is 
less  than  in  the  case  of  a  property  whose  earnings  are  uniformly 
maintained.  If,  on  the  other  hand,  the  earnings  under  ordinary  and 
normal  conditions  are  at  the  time  of  purchase  or  valuation  the  same 
in  amount  as  assumed  above,  but  undergoing  a  gradual  increase  from 
year  to  year,  that  is,  showing  a  constantly  increasing  tendency,  then 
the  value  of  such  a  property  would  be  greater  than  in  the  instance  first 
assumed. 

Eff'orts  have  sometimes  been  made  to  keep  down  the  valuation  which 
a  commission  may  find  and  award,  by  legislation  excluding  the  con- 
sideration of  "future  earning  capacity"  or  "  good-will "  or  "fran- 
chise." It  is  a  fair  question,  and  one  still  awaiting  more  light,  whether 
on  equitable  considerations  a  i)rivate  company  which  started  in  busi- 
ness under  a  charter  which  authorized  the  municipality  to  take  or 
purchase  its  corporate  rights  and  property  at  any  or  at  a  stated  time 
is  entitled,  in  case  of  purchase  at  such  time,  to  any  consideration  or 
claim   for   additional  value  arising  from  the   growing  nature  of  its 


198  CORRESPONDENCE    ON   "WATER-WORKS   VALUATION. 

Mr.  Wheeler,  business  or  from  the  probability  of  future  increase  in  its  earning 
capacity  after  the  time  of  purchase.  Such  a  charter  or  franchise 
does  not  vest  solely  in  the  company  the  continuing  privilege  of  doing 
the  business  authorized  thereunder,  nor  presumably  of  enjoying  the 
profits  likely  to  arise  therefrom,  but  vests  in  the  municij)ality  the 
right  to  step  in  after  a  time  and  take  the  business,  and  by  inference  to 
enjoy  the  legitimate  fruits  thereof.  This  view,  however,  does  not 
necessarily  ojjerate  to  reduce  the  value  which  the  company  may  re- 
cover to  the  mere  cost  of  its  works,  or  to  that  of  dujilicating  them, 
much  less  to  their  value  for  any  ijurpose  that  excludes  the  considera- 
tion of  the  service  which  they  are  capable  of  rendering. 

The  intrinsic  value  of  this,  as  of  all  other  property  whose  chief 
purjaose  is  that  of  service  as  distinguished  from  aesthetic  or  artistic 
considerations,  rests  upon  its  fitness  for  the  purposes  for  which  it  is 
best  adapted,  that  is,  upon  its  capacity  for  service,  and  where  such 
legislation  as  above  mentioned  has  intervened,  it  can  hardly  be  con- 
strued as  intended  to  dispossess  the  owner  of  his  property  without 
due  compensation  therefor  according  to  its  true  value.  In  such  cases, 
although  consideration  of  actual  net  earnings,  or  of  the  future  in- 
crease thereof,  may  be  excluded,  there  still  remains  to  be  considered 
as  the  fair  basis  of  value  the  service  which  the  works  and  property  are 
competent  and  intended  to  render,  which  service  is  to  be  rated,  not 
according  to  the  actual  returns  that  may  be  derived  therefrom  in  any 
special  instance  under  consideration,  but  according  to  the  fair  value 
of  that  service  at  rates  currently  paid  therefor  in  the  general  market. 

The  distinction  is  that  which  exists  between  the  si^ecific  value  of 
the  service,  as  measured  by  the  actual  income  of  the  property,  and 
what  that  service  is  fairly  worth  in  a  general  market.  Technically 
they  are  entirely  distinct,  but  commercially  they  may  be  substantially 
equivalent  to  each  other. 
Mr.  Kiersted.  ^-  KiERSTED,  M.  Am.  Soc.  C.  E. — In  transcribing  from  the  author's 
original  manuscript,  the  statement  was  unintentionally  omitted  that 
the  appraisal,  by  the  Commissioners  appointed  by  the  Federal  Court, 
of  the  complete  water-works  property  of  the  National  Water  Com- 
pany, as  turned  over  to  Kansas  City,  was  §2  546  112,  and  that  the 
stated  value  or  worth  of  SI  230  000  referred  to  only  that  portion  of 
the  property  which  is  in  the  State  of  Missouri. 

In  the  author's  resu77ie  of  the  discussions  on  the  paper,  he  desires 
to  state  concisely  his  position  -mth  regard  to  the  qiiestion  under  dis- 
cussion; to  offer  answers  to  the  criticisms  which  have  been  advanced, 
and  to  more  fully  elucidate  his  method  in  such  res^jects  as  it  may  have 
been  imperfectly  presented. 

The  author  believes  that  there  must  be  some  fundamental  princi- 
ples of  general  application  in  the  work  of  appraising  the  value  of  a 
watei'-works  property,  whenever  the  franchise  ordinance  leaves  the 
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question  of  valuation  open  to  arbitration.  In  an  unbiased  effort  to  Mr.  Kiersted. 
develoi)  these  principles,  he  tried  to  eliminate  the  element  of  personal 
equation,  to  avoid  theories  which  are  based  upon  assumed  con- 
ditions, and  to  shun  those  considerations  which  admit  of  a  wide  range 
of  personal  judgment  or  which  are  piirely  of  a  sijeculative  character. 
The  author  further  believes  that  business  and  engineering  considera- 
tions are  of  equal  importance  in  the  work  of  apj^raising  a  water- works 
property.  Through  the  assistance  of  a  mathematical  formula,  he  de- 
duces a  commercial  value  of  water-works  property  upon  a  net  earning 
basis.  Having  determined  this  value,  he  would  then  modify  it  by  in- 
troducing the  engineering  considerations,  which  should  properly  enter 
the  problem  of  valuation  at  this  stage  of  the  process.  He  did  not 
attempt  to  develoj)  these  modifications  in  detail,  because  it  is  imprac- 
ticable to  do  so  in  a  general  discussion  of  the  subject.  However,  he 
indicates  in  his  paper  the  character  of  the  modifications  which  he 
would  make,  as  shown  by  the  following  quotation,  namely: 

' '  Thus,  case  2,  or,  what  is  practically  the  same,  the  latter  part  of 
case  4,  constitutes,  the  author  believes,  a  process  of  fairly  and  equit- 
ably estimating  the  value  of  a  water- works  property;  provided  the 
schedule  of  water  rates  be  not  excessive  and  deductions  be  made  from 
the  amount  so  determined  suflScient  to  cover  the  cost  of  bringing  the 
plant  to  the  condition  of  efficiency  reasonably  contemplated  by  the 
contract,  if  found  inefficient." 

"With  these  few  preliminary  remarks  the  author  would  proceed  to 
consider  the  more  essential  points  which  have  been  brought  out  by  the 
discussion. 

It  is  impossible  to  dissociate  the  business  and  engineering  con- 
siderations legitimately  entering  the  problem  of  valuation  without 
sacrificing  the  important  element  of  fairness.  An  appraisal  of  the 
present  value  of  a  plant  largely  eliminates  the  business  considerations 
therefrom.  Such  a  method  of  appraisement  may  be  altogether  i^roper, 
provided  the  franchise  restricts  the  purchase-price  to  the  present 
value  of  the  plant  alone,  but  when  the  value  of  the  property  is  to  be 
considered,  it  would  seem  that  many  members  hold  the  view  that  a 
valuation  should  embrace  distinctively  the  value  of  the  plant  and  the 
"value  of  the  franchise."  The  use  of  the  term  "  value  of  franchise  " 
naturally  implies  a  money  value  attaching  to  certain  rights  and  privi- 
leges which  have  been  granted,  usually  without  compensation,  by  a 
municipality  to  some  individual  or  private  corporation.  The  franchise 
may  have  a  speculative  value  during  the  earlier  years  of  its  existence; 
but  during  the  latter  years  it  gradually  declines  or  disappears  alto- 
gether. Municiijalities  cannot  indulge  in  speculative  piirchases,  and 
therefore  are  not  interested  in  the  speculative  value  of  a  franchise. 
The  law  which  prohibits  them  from  this  indulgence  must  surely  pro- 
tect them  from  the  schemes  of-  those  who  would  speculate  in  a  fran- 
chise at  a  city's  expense.     However,   if  a  city  elects  to  purchase  a 
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Mr.  Kiersted.  water- works  soon  after  construction,  but  before  it  has  become  self- 
sustaining,  tlien  a  certain  money  value  may  attach  to  the  franchise,  of 
sufficient  amount  to  reimburse  the  company  making  the  sale,  to  the 
extent  of  its  total  legitimate  outlay  up  to  the  time  of  purchase.  For 
it  is  fair  to  assume  that  if  the  company  were  allowed  the  use  of  its 
privileges  for  a  sufficient  i^ortion  of  the  interval  of  time  covered  by  the 
franchise  ordinance,  the  net  revenue  of  the  company  would  so  expand 
as  to  support  a  valuation  of  the  property  which  would  equal,  at  least, 
the  total  outlay.  On  the  other  hand,  if  a  city,  which  by  the  terms  of 
the  franchise  ordinance  reserves  the  option  to  purchase  only  at  fixed 
intervals  of  time,  should  attemjit  to  appraise  the  jiroperty  before  the  ex- 
piration of  some  one  of  these  intervals,  then  the  franchise  might  receive 
an  independent  valuation  commensurate  with  the  probable  increase  in 
value  of  the  property  during  the  unexpired  portion  of  the  current  in- 
terval of  time,  because  the  city  is  virtually  redeeming  a  pledge  granted 
the  water  company  under  the  seal  of  a  legal  contract,  which  is  a  trans- 
action that  is  in  no  sense  speculative. 

Although  a  franchise  may  be  a  tangible  asset  of  the  water  comijany 
during  a  considerable  i^ortion  of  the  term  of  its  existence,  still  it  cer- 
tainly possesses  no  market  value  during  the  latter  years  of  this  term, 
as  there  can  be  no  purchaser  for  a  property  established  under  a  fran- 
chise which  is  about  to  expire,  since  there  can  be  no  transfer  of  a  sub- 
stantial title.  Hence  the  grantor  of  the  franchise  becomes  the  only 
available  purchaser.  An  act  of  the  grantor  to  renew  the  franchise  for 
a  second  term  of  years  reopens  the  field  of  competition  to  speculative 
purchasers  in  open  market.  This  act  in  itself,  although  it  may  revive 
the  speculative  value  of  the  property,  does  not  change  its  real  or  sub- 
stantial value,  which  is  altogether  dependent  upon  its  net  earnings  and 
physical  condition.  The  fact  that  a  city,  contemiilating  the  purchase 
of  a  water-works  property,  prolongs  negotiations,  intentionally  or 
otherwise,  until  the  franchise  has  expii'ed,  does  not  aflfect  the  value  of 
the  proj^erty,  because  the  franchise,  although  technically  an  asset  of 
the  water  company,  has  ceased  to  have  any  practical  or  tangible  value, 
and  therefore  has  no  influence  in  the  negotiation.  The  city  simply 
purchases  an  established  and  living  business,  together  with  all  the 
necessary  equipment  for  conducting  that  business,  at  a  fair  value  fixed 
by  mutual  agreement  or  through  authorized  arbitration  or  condemna- 
tion proceedings.  To  make  this  phase  of  the  question  more  clear,  the 
illustration  offered  by  Mr.  Tuttle  in  the  following  paragraph  may  be 
carried  to  a  conclusion,  under  conditions  obtaining  in  practice: 

"  At  the  expiration  of  a  franchise  which  contains  no  provision  for 
future  negotiation,  the  problem  is  one  relating  to  the  value  of  the 
works  alone  ;  the  gi-eatest  claim  that  could  be  made  in  such  a  case  ajJ- 
pears  to  the  writer  to  be  the  jiresent  worth  of  the  j^l^nt,  without 
regard  to  its  earning  capacity;  if  the  terms  of  settlement  were  under 
consideration  between  the  owner  of  a  building  and  that  of  the  land  on 
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wliicli  it  was  erected,  the  lease  having  expired,  there  would  be  no  ques-  Mr.  Kiersted. 
tion  biit  that  the  owner  of  the  structure  would  consider  himself  fortu- 
nate if  sixch  a  principle  were  applied." 

Assume  that  the  owner  of  the  building  referred  to  leased  the  land 
upon  which  it  stands  for  the  express  purpose  of  erecting  this  building 
and  establishing  a  business  for  the  supply  of  certain  wants  of  the  les- 
sor of  the  land;  the  lessor  and  lessee  having  agreed  upon  a  schedule 
of  charges  to  govern  payments  for  the  amount  of  commodity  consumed 
and  service  rendered  the  lessor,  and  upon  the  iirovision  that  extension 
shall  be  made  to  the  building  from  time  to  time  commensurate  with 
the  expansion  of  the  wants  of  the  lessor.  The  building  is  extended, 
and  the  business  develops,  though  many  contingencies  arise  to  increase 
expenses  in  directions  wholly  unanticipated.  At  the  expiration  of  the 
lease,  although  the  lessee  is  supplying  the  wants  of  the  lessor  in  a 
reasonable  and  satisfactory  manner,  the  lessor  concludes  to  undertake 
the  sui3ply  of  his  own  wants,  and,  being  under  no  contract  obligation 
to  purchase  the  property  of  the  lessee,  he  chooses  between  such  pur- 
chase and  the  erection  of  his  own  building.  He  finds  that  he  can  bor- 
row money  for  the  purposes  of  construction  at  a  less  rate  of  interest 
than  can  the  lessee;  that  he  can  duplicate  the  property  of  the  lessee 
for  less  money  than  he  can  purchase  it,  and  that  from  the  revenues 
which  the  i)roperty  affords  he  can  pay  interest  upon  the  cost  of  a  new 
building  and  plant,  sinking  fund,  operating  expenses  and  repairs,  and 
still  have  a  surplus.  But  he  observes  that  during  the  year  or  more  con- 
sumed in  constructing  the  new  building  his  wants  must  be  supplied  as 
heretofore  by  the  lessee,  who  will  expect  and  rightfully  exact  payment 
for  the  supply  of  these  wants  in  accordance  with  the  rate  heretofore 
paid,  and  who,  failing  to  receive  such  payment,  will  be  compelled  to 
close  his  business  and  leave  all  wants  of  the  lessor  unsupplied.  He 
also  reasons  that  he  may  continue  to  i)ay  the  usual  rates  for  service 
until  his  own  building  is  equipped  to  supply  that  service  in  full,  and 
then  suddenly  transfer  all  demands  to  his  own  property,  or  that  he 
may  proceed  to  build  and  to  gradually  transfer  his  demands  to  his  own 
property,  until  the  lessee  is  compelled  to  close  his  business  because  of 
failing  revenues,  and  then  take  forcible  possession  of  such  portions  of 
the  lessee's  property  as  may  be  found  advantageous  or  serviceable. 
Therefore,  in  one  instance  he  must  add  to  the  cost  of  duplicating  the 
lessee's  jiroperty  the  interest  ujion  the  investment,  the  sinking  fund 
contributions  and  the  money  paid  the  lessee  for  service  rendered  dur- 
ing the  period  of  construction,  together  with  the  cost  of  the  damage 
resulting  from  a  possible  sudden  termination  of  service  by  the  lessee. 
In  the  other  instance,  there  must  be  added  to  the  above-named 
costs  the  cost  of  probable  litigation  resulting  from  taking  forcible 
possession  of  the  lessee's  proj)erty,  together  with  the  appraised 
value  of  the  property  absorbed.     He  further  reasons  that  he  may  lease 


203  CORRESPONDENCE   ON   M'ATEH- WORKS   VALUATION. 

Mr.  Kiersted.  land  to  anotliev  party,  with  permission  to  erect  buildings  and  plant 
similar  to  those  of  his  present  tenant,  with  the  expectation  of  i^atron- 
izing  his  old  tenant  until  the  new  one  is  ready  to  serve  him ;  but  in 
this  arrangement  he  is  at  once  confronted  with  the  contingency  that 
lessee  No.  2  may  dispose  of  his  lease  to  lessee  No.  1,  or  make  some 
deal  with  him  which  will  jsractically  revive  the  old  lease  for  a  new 
term  of  years. 

UlJon  due  consideration  of  the  practical  bearings  of  the  situation,  it 
would  appear  that  the  lessor  faces  a  dilemma  rather  than  a  choice, 
even  though  the  lessee  has  no  legal  right  to  occupy  the  land  after  the 
expiration  of  the  lease. 

In  applying  this  illustration  to  the  question  under  discussion,  it 
becomes  clear  that  a  dilemma  confronts  a  city  when  the  franchise  of  a. 
water  company  expires.  Though  the  water  company  possesses  no  legal 
right  to  continue  the  business  of  water  purveyor,  yet  there  is  no  prac- 
ticable way  by  which  the  city  can  prevent  a  continuation  of  its  busi- 
ness. The  city  cannot  safely  or  rightfully  take  forcible  possession  of 
the  plant  and  operate  it  indefinitely;  it  cannot  stop  the  operation  of 
the  plant  without  imperiling  the  property  of  the  city  and  subjecting 
its  citizens  to  discomfort  and  heavy  damages  by  reason  of  a  sudden 
termination  of  the  supply  of  water  upon  which  all  depend,  and  it 
cannot  expect  to  use  the  water  furnished  by  the  company  without  com- 
pensation. It  is  in  no  position  to  select  certain  ijortions  of  the  com- 
pany's plant  for  its  own  use,  in  connection  with  a  new  plant  for  which 
it  may  have  prepared  plans,  and  to  reject  the  balance,  as  Mr.  Hering 
suggests  in  his  concluding  remarks,  or  to  drive  a  hard  bargain  with  the 
water  company,  as  Mr.  Schuyler  suggests.  Neither  is  the  water  com- 
pany in  a  jjosition  to  exact  an  exorbitant  price  for  its  property. 

The  situation  clearly  requires  the  settlement  of  the  controversy 
upon  a  business  basis  by  an  agreement  upon  a  fair  valuation  of  the 
property  if  the  city  is  disposed  to  j)urchase,  or  upon  equitable  rates 
and  terms  under  a  new  franchise  if  the  city  refuses  to  purchase.  A 
city  is  safe  in  pursuing  such  a  course,  and  a  water  company  cannot 
consistently  reject  it. 

Therefore  the  author  cannot  see  that  the  fair  valuation  of  a  water- 
works property,  constructed  under  a  limited  franchise,  is  in  any  wise 
affected  by  the  fact  that  the  franchise  may  have  expired  before  the  ne- 
gotiation of  purchase  is  concluded,  or  even  commenced;  nor  yet  that  it  is 
any  more  affected  by  the  fact  of  the  franchise  being  an  unlimited  one, 
for  if  there  be  no  time  fixed  for  appraisal  ov  purchase,  there  certainly 
can  be  nothing  to  prevent  a  city  acquiring  the  jsroijerty  at  any  time 
through  condemnation  proceedings. 

If  the  "value  of  the  franchise  "  can  be  considered  at  all  under  the 
provisions  of  an  ordinance  which  expressly  makes  the  franchise  per- 
petual, there  would  be  no  obstacle  to  prevent  an  appraisal  of  such 
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magnitude  as  would  most  eflfectually  prevent  any  transfer  of  the  pro})-  Mr.  Kiersted. 
erty,  as  Mr.  Tiittle  has  shown.     To  the  author's  mind  this  danger  can 
scarcely  exist,  for  he  can  conceive  of  the  existence  of  no  right  of  a 
city  to  expressly  legislate  the  element  of  periaetuity  into  a  franchise. 

The  author  recognizes  that  an  equitable  water  rate  is  a  prerequisite 
of  a  fair  valuation  based  upon  net  earnings.  A  franchise  ordinance 
frequently  stipulates  that  the  prevailing  water  rate  shall  be  the  mean 
of  those  in  two,  three  or  more  cities,  sometimes  stated  byname,  where 
water- works  are  operated  under  similar  conditions  of  supply  and  ser- 
vice, and  it  sometimes  restricts  a  portion  of  these  rates  to  works  under 
municipal  management.  This  bxisiness  method  of  jirocedure  enables 
a  city  to  detect  in  a  measure  extortionate  charges,  but  unguarded  com- 
parisons may  lead  to  confusion,  as  the  water  rates  of  some  cities  ap- 
pear low  because  a  portion  of  the  current  expenses  are  met  by  an 
annual  tax  levy  iipon  the  taxable  property  of  the  city. 

In  any  event,  extortionate  charges  can  scarcely  prevail  indefinitely, 
for  the  continuous  attrition  resulting  from  a  close  contact  of  the 
diverse  interests  of  the  consumer  and  the  vendor  of  water  tends  to 
effect  an  equitable  adjustment  of  these  charges.  A  water  company 
will  agree  to  a  compromise  rate  rather  than  face  contentious  and  dis- 
affected water  patrons  for  an  indefinite  period  of  time,  even  though 
the  schedule  of  rates  be  originally  fixed  by  ordinance.  This  attrition, 
whether  developing  into  public  resentment  or  into  legislation  on  the 
part  of  city  officials  having  the  right  to  modify  water  rates,  can 
scarcely  result  in  an  unfair  adjustment  of  rates,  because  a  water  com- 
pany can  successfully  resist  such  efforts  in  the  court,  particularly 
if  some  ulterior  purpose  becomes  apparent,  such  as  the  forcing  of 
rates  down  to  the  lowest  possible  extent  previous  to  an  appraisement 
of  the  i^roperty  for  the  purpose  of  jDurchase.  Neither  can  a  water 
company  resort  to  methods  of  increasing  its  earnings  through  a  sys- 
tematic depreciation  of  its  plant  and  service,  for  no  covert  designs  of 
this  character  can  progress  without  the  act  and  motive  becoming  aj)- 
parent  through  a  progressively  depreciating  service.  It  must  result  in 
a  gradual  reduction  of  revenue  from  private  sources,  a  withholding  of 
moneys  due  for  jjublic  water  service,  defaxalted  interest  ujion  bonds, 
serious  controversies,  foreclosure  proceedings,  a  tangible  reduction  of 
the  value  of  the  entire  property,  and  eventually  in  a  change  of  man- 
agement, followed  by  an  improvement  of  the  plant  and  service,  and 
often  by  an  adjustment  of  water  rates.  Thus  there  is  little  ground  for 
apprehension  that  either  a  city  or  a  water  comi^any  will  become  the 
victim  of  such  hostile  design  as  will  result  in  successful  efforts  to  de- 
preciate or  to  swell  net  earnings  to  an  extent  to  affect  the  valuation  of 
a  propei'ty  based  thereon. 

No  company  doing  business  in  a  j^rosperous  city  is  exempt  from 
the  influence  of  competition,  for  many  consumers  of  large  amounts  of 


204  CORRESPONDESCE   ON    WATER- WORKS   VALUATION. 

Mr.  Kiersted.  water,  wlio,  through  favorable  surroundings,  are  able  to  provide  them- 
selves with  an  independent  water  supply,  successfully  insist  ujion  be- 
ing given  rates  which  are  below  the  regular  rates.  This  circumstance 
tends  to  reduce  net  earnings.  In  such  a  city  a  water-works  jjlant 
seldom  reaches  completeness.  The  frequent  demand  for  expenditures 
in  extensions  and  betterments  may  divert  surplus  revenue  from  sink- 
ing fund  investments,  and  absorb  it  without  proportionately  increas- 
ing reveniies.  Capital  thus  employed,  though  practically  dormant, 
must  be  supported  by  the  revenues — a  circumstance  which  tends  to 
still  further  minimize  net  earnings. 

These  inconstant  conditions,  many  of  which  Mr.  Hering  points  out, 
become  potent  factors  in  adjusting  revenues  to  a  basis  of  legitimate 
valuation.  They  possess  a  compensating  effect,  for  any  city  will 
sooner  or  later  resist  high  water  rates,  and  any  water  company  will 
strenuoiisly  oj)pose  eflforts  to  compel  it  to  make  improvements  beyond 
its  legitimate  means ;  but  between  the  two  extremes  lies  a  field  of  com- 
promise in  which  the  contesting  interests  eventually  meet  to  adjust 
their  differences. 

The  rates  of  new  water-works  may  escape  for  a  time  the  regulating 
effects  of  diverse  and  competing  interests,  and  should  therefore  be 
carefully  scrutinized  before  being  accepted  as  a  fair  basis  of  valuation; 
but  when  these  regulating  forces  have  the  opportunity  to  act  or  to 
react,  as  they  do  during  the  life  of  most  water-works  franchises,  we 
may  expect  about  as  equitable  an  adjustment  of  water  rates  as  it  is 
jjossible  to  effect  by  any  process. 

The  legal  proceedings  which  are  instituted  to  foreclose  mortgages 
held  against  water-works  property  tend  to  confirm  the  view  that 
revenues  from  water- works  do  not  suj^port  an  inflated  valuation,  and 
illustrate  the  fact  that  the  ownership  of  water-works  franchises  is 
often  far  from  being  a  "  sinecure  "  in  the  connection  in  which  Mr. 
Adams  uses  the  term. 

Mr.  Kuichling  contends  that  "the  legitimate,  original  cost  of  the 
works  and  other  expenses  incidental  to  the  development  of  the  busi- 
ness," must  be  computed  in  advance  of  a  fair  valuation  upon  a  net 
earning  basis.  The  application  of  such  a  test  seems  to  the  author  to 
l>resent  almost  insurmountable  difficulties.  The  account  of  original 
costs  is  often  incomplete,  as  in  those  instances  where  the  property  oc- 
casionally changes  hands,  or  where  promoters  have  constructed  water- 
works for  the  purpose  of  extracting  a  double  profit  through  the 
construction  of  the  plant  and  the  manipiilation  of  the  securities  issued 
against  it.  A  substantial  mortgage  and  stock  obligation  frequently 
remains  as  about  the  only  index  of  original  cost.  An  encumbered 
property  which  is  unable  to  supisort  its  debt  passes  eventually  into 
the  hands  of  the  mortgagee.  He  gauges  the  cost  of  the  property  up 
to  that  time  bv  the  amount  of  his  investment,  regardless  of  what  may 
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have  been  tlie  actual  or  legitimate  cost  thereof.  Upon  assuming  con-  Mr.  Kiersted. 
trol  and  management  of  the  jiroperty,  he  attemjits  to  reduce  expenses 
or  to  increase  revenues  through  an  improved  management  and  a  better 
service,  but  having  reached  the  limit  of  improvement  in  these  dii'ec- 
tions  without  attaining  a  desired  percentage  of  profit,  he  is  obliged  to 
scale  down  his  investment  accordingly.  Therefore,  in  the  absence  of 
a  connected  chain  of  accounts  covering  the  oi'lginal  and  progressive 
costs  of  constructing  and  establishing  a  water-works  jjroperty,  such 
assumptions  of  the  various  items  embraced  in  these  costs  must  be 
made  as  will  lead  to  conclusions  more  or  less  indefinite  and  corre- 
spondingly valueless.  However,  the  revenues  and  the  costs  of  opera- 
tion remain  substantial  facts  thi'oughout  all  the  vicissitudes  of  fortune 
through  which  the  property  may  pass,  and  under  proper  circum- 
stances they  may  be  made  available  as  a  substantial  basis  of  ap- 
praisal. 

The  method  of  testing  the  fairness  of  water  rates,  by  estimating 
the  cost  of  duplicating  the  plant  and  business,  presents  less  incon- 
gruity than  does  the  method  by  original  costs  just  discussed.  Still 
it  involves  uncei'tainties,  for,  while  the  cost  of  duplicating  a  plant  may 
be  closely  api^roximated,  yet  the  actual  cost  of  establishing  the  busi- 
ness is  largely  a  matter  of  conjecture,  and  it  may  become  more  or  less 
sjjeculative,  if  the  assumption  be  made,  as  Mr.  Hering  suggests,  that 
all  the  expenses  incidental  to  the  development  and  establishment  of  a 
water-works  should  have  been  fully  repaid  out  of  the  income  derived 
from  a  time-limited  operation  of  a  schedule  of  rates  which  was  fixed 
in  the  out-start  ostensibly  with  that  end  in  view. 

It  can  readily  be  seen  that  a  city  may  be  more  hampered  in  man- 
aging economically  a  water- works  jjroperty  than  can  a  water  company, 
but  the  drain  upon  revenues,  through  cumbersome  methods  of  muni- 
cipal management,  is  frequently  offset  to  a  considerable  degree  by 
expenditures  of  a  water  company  of  a  character  which  a  municiiDality 
is  not  called  upon  to  meet.  A  successful  company,  through  years  of 
experience,  evolves  methods  of  economical  management  applicable  to 
the  projDerty  which  is  transferred  to  the  city.  This  information  is  as 
valuable  for  the  use  of  the  one  as  of  the  other,  and  if  a  city  does  not 
apply  it,  it  is  because  of  mismanagement  or  of  a  failure  to  so  frame  its 
charter  that  proper  methods  of  management  may  prevail.  Hence  the 
author  can  scarcely  see  wherein  the  question  of  management  should 
enter  the  problem  of  valuation. 

There  can  certainly  be  no  occasion  for  either  confusion  or  personal 
bias  affecting  the  choice  of  a  proper  rate  of  interest  by  which  to  caj)- 
italize  net  earnings.  If  one  were  called  upon  to  appraise  upon  a  net 
earning  basis  the  business  of  a  private  citizen  who  is  manufacturing 
and  selling  flour  throughout  a  city,  he  would  consider  as  one  element 
of  the  problem  the  rate  of  interest  which  that  individual  is  compelled 


206  CORRESPONDENCE   ON   WATER-AVORKS   VALUATION. 

Mr.  Kiersted.  to  pay  for  borrowed  capital  and  not  the  rate  of  interest  which  the  city 
in  which  he  does  business  i)ays  for  money  to  construct  public  works, 
although  the  individual's  property  is  an  integral  part  of  the  taxable 
wealth  of  the  city  which  is  i^ledged  as  security  for  a  municipal  loan. 
Thus  a  water  company's  property  alone  is  pledged  as  security  for  its 
borrowed  capital  and  not  the  taxable  property  of  the  city  in  which  the 
works  may  be  located.  A  portion  of  the  water  revenues  is  pledged  to 
the  support  of  that  borrowed  capital,  and  the  rates  must  support  this 
as  well  as  other  legitimate  demands.  Private  water  company  bonds 
are  limited  in  amount  only  by  the  willingness  of  the  capitalist  to  ab- 
sorb them,  while  the  amount  of  a  municipal  indebtedness  is  limited 
by  statutory  provisions.  There  cannot,  then,  be  the  slightest  doubt 
but  that  the  rate  of  interest  usually  paid  by  private  water  companies 
for  borrowed  money  is  alone  the  proper  rate  to  use  in  the  process  of 
valuation.  The  author  believes  that  6%,  the  rate  of  interest  used  in 
the  palmer,  is  fairly  correct  at  the  present  time. 

The  author  considers  the  element  of  progressive  deterioration  in  a 
twofold  manner.  The  materials  of  any  water-works  plant  are  in  vari- 
ous stages  of  disintegration  because  of  unequal  age  and  of  a  varying 
susceptibility  to  decay.  While  the  deterioration  of  some  portions  of 
a  plant  may  have  progi'essed  far  enough  to  be  definitely  measured  or 
estimated,  still  in  other,  and  perhajjs  the  greater,  portions  of  the  plant, 
it  is  either  beyond  the  domain  of  a  critical  examination  or  is  not  suffi- 
ciently developed  to  admit  of  a  definite  estimate  or  measurement.  An 
attempt  to  estimate  or  measure  it  at  once  opens  a  broad  field  for  the 
operation  of  individual  judgment  or  for  speculation,  admits  the  ex- 
j)erience  gained  in  one  section  of  the  country  under  one  set  of  con- 
ditions to  be  applied  in  another  section  of  country  under  widely 
dissimilar  conditions,  introduces  the  element  of  personal  equation, 
necessitates  assumptions  of  an  uncertain  character,  affords  opijortunity 
for  the  display  of  personal  bias  to  the  greatest  possible  degree,  and 
leads  to  conclusions  correspondingly  conflicting  and  valueless,  or,  as 
Mr.  Raymond  aptly  remarks,  to  conclusions  which  are  but  "intelli- 
gent guesswork."  If  the  deterioration  of  uncertain  degree  and 
amount  remain  unestimated,  directly,  then  it  can  be  wholly  accounted 
for  in  the  due  course  of  time  throiigh  the  medium  of  a  sinking  fund. 
The  author  allows  for  immeasurable  deterioration  through  the  con- 
sideration in  his  formula  of  a  20-year  sinking  fund,  and  thereby  elim- 
inates to  a  very  great  extent  the  uncertain  elements  just  enumerated. 
Thus  a  water-works  which  is  appraised  after  having  been  in  operation 
from  20  to  30  years  will  be  40  to  50  years  old  at  the  expiration  of  the 
20-year  sinking  fund  period,  and  will  attain  the  limit  of  life  estimated 
for  the  greater  part  of  a  water-works  by  several  members  who  have 
discussed  the  author's  paper.  However,  it  may  be  advisable  to  con- 
sider a  shorter  sinking  fund  period  than  20  years  for  a  plant  which  is 
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highly  depreciated  by  reason  of  age  or  mismanagement,  thus  propor-  ^ir  Kiersted. 
tionately  reducing  the  valuation.  This  seems  fair,  for  the  longer  a 
company  is  in  business,  the  greater  becomes  the  opportunity  of  full 
returns  upon  expenditiires  in  construction  and  in  establishing  the 
business.  For  other  reasons  it  may  be  advisable  to  consider  a  longer 
sinking  fund  period  for  a  comparatively  new  plant.  Still  the  rate  of 
interest  and  the  time  limit  of  the  sinking  fund  introduced  in  the  pro- 
cess of  valuation  bear  no  relation  whatever  to  the  rate  of  interest  upon, 
or  the  sinking  fund  to  extinguish,  city  bonds  issued  to  procure  the 
jjurchase  money.  Such  bonds  may  be  issued  for  20,  30,  or  any  other 
term  of  years  allowed  by  law,  at  such  rate  of  interest  as  will  render 
the  bonds  most  advantageously  salable.  Hence  any  saving  to  the  city 
in  interest  and  sinking  fund  will  enable  it  to  reduce  water  rates  or  to 
accumulate  a  renewal  fund  for  use  in  emergencies.  These  annual  con- 
tributions to  the  reserve  fund  will  increase  as  the  bonds  are  redeemed 
and  finally  the  city's  credit  becomes  available  for  extensive  improve- 
ments. 

Thus  far  the  author's  method  seems  open  to  the  objection  that  it 
does  not  discriminate  with  reference  to  the  perishableness  of  the  sev- 
eral classes  of  construction  embraced  by  a  water- works  plant.  This 
phase  of  the  question  of  valuation  may  be  viewed  from  two  standpoints  : 
First,  that  a  plant  constructed  to  provide  a  service  for  a  stated  number 
of  years  should  be  paid  for  by  an  issue  of  bonds  for  a  corresijonding 
interval  of  time.  Second,  that  the  bonds  should  mature  at  a  time  cor- 
responding to  the  degree  of  permanency  of  the  several  classes  of  con- 
struction— thus  impounding  reservoirs  may  be  covered  by  bonds 
maturing  in  50  to  75  years  ;  a  distribution  system,  in  40  to  50  years  ; 
a  pumping  engine,  in  20  to  30  years,  etc.  An  estimate  of  the  interval 
of  time  a  given  capacity  of  plant  will  furnish  a  stated  service  is  largely 
problematical,  inasmuch  as  the  most  experienced  judgment  is  liable 
to  err  in  attempting  to  forecast  the  rate,  range  and  scojie  of  future 
development,  and  to  design  and  build  permanent  works  in  anticipa- 
tion thereof.  Besides,  in  the  develojiment  of  all  public  works  there 
are  many  agencies  at  work  to  defeat  the  introduction  of  comprehen- 
sive plans  of  improvement.  If  attempts  be  made  to  differentiate 
deterioration  with  regard  to  the  class  of  construction,  then  differentia- 
tion may  likewise  be  made  with  regard  to  the  component  parts  of  each 
class  which  of  themselves  are  susceptible  to  different  rates  of  deterio- 
ration. For  instance,  portions  of  a  distribution  system  exjjosed  to 
electrolytic  action,  to  severe  water  hammer,  to  varying  conditions 
of  soil,  or  to  similar  local  influences,  decay  more  rapidly  than  do 
those  portions  m  other  localities  remote  from  such  influences  ;  or  the 
life  of  a  pumping  engine  depends  upon  the  fidelity  of  the  designer, 
manufacturer  and  the  operator  of  the  machine  ;  or  the  life  of  all  con- 
structed works  depends  upon  the  vigilance  exercised  to  discover  minor 
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Mr.  Kiersted.  defects  as  they  may  develop,  and  the  promptness  of  the  efforts  put 
forth  to  repair  them.  While  an  unbiased  expert  would  scarcely  at- 
tempt a  difi'erentiation  of  individual  classes  of  construction,  still  such 
questions  when  introduced  into  the  problem  of  valuation  obviously 
offer  an  oiiportunity  for  speculation,  of  which  an  expert  may  avail 
himself  if  inclined,  for  good  reasons,  to  be  partisan  in  his  views. 

Another  reason  which  seems  to  oppose  class  discrimination,  in  con- 
sidei'ing  the  question  of  physical  deterioration,  is  to  be  found  in  the 
fact  that  cities  are  under  legal  restraint  in  the  issue  of  bonds  for 
public  improvements.  Some  widely  developed  cities  may  have  the 
power  to  issue  bonds  for  40  to  50  years,  though  the  majority,  perhaps, 
are  confined  to  the  shorter  period  of  20  to  30  years.  The  wise  purpose 
of  such  laws  cannot  be  doubted,  as  they  compel  a  judicious  use  of  a 
city's  credit  and  impose  a  wholesome  restraint  upon  progressive  cities, 
until  an  accumulated  experience  in  handling  their  public  works  and  a 
permanent  development  of  natural  trade  resources  entitles  them  to 
more  liberties  in  the  use  of  their  credit.  They  frequently  comjiel  the 
extinguishment  of  the  debt  covering  original  construction  or  the  j)ur- 
chase  price  of  a  water-works  projserty  within  the  life  of  a  single  gener- 
ation, regardless  of  the  fact  that  portions,  at  least,  of  the  property 
may  serve  several  generations.  Conflict  with  existing  laws  cannot  be 
entered  into,  and,  therefore,  a  sinking  fund  cannot  upon  all  occasions 
be  apportioned  according  to  the  degree  of  permanency  of  parts  of 
existing  works.  An  attempt  to  do  so  in  a  radical  way  in  the  valuation 
of  a  water-works  property  is  simply  an  effort  to  divorce  certain  engi- 
neering and  business  considerations  which  are  inseparably  united,  and 
will  result  in  the  presentation  of  what  might  otherwise  be  a  strong 
argument  in  anything  but  a  convincing  light. 

Therefore,  in  the  use  of  a  sinking  fund  to  cover  the  average  life  of 
a  water-works  property  as  a  whole,  the  question  of  immeasurable  dete- 
rioration is  considered  without  doing  violence  to  established  engineer- 
ing principles  and  with  due  regard  to  the  business  aspect  of  the  case. 

The  author's  method,  however,  does  not  cease  here,  for  he  says 
"  this  method  (the  second  method  of  valuation)  as  outlined,  appears 
fair  and  equitable,  provided  that  at  the  time  of  purchase  or  appraise- 
ment the  plant  is  in  good  condition  and  renders  efficient  serWce 
throughout  the  territory  included  by  the  distribution  system  of 
pipes."  A  city  seldom  purchases  more  than  an  up-to-date  water- 
works property.  Should  certain  portions  of  the  plant,  however,  be  in- 
efficient, the  necessary  cost  to  reinforce  the  deficient  portions  should 
be  deducted  from  the  commercial  valuation  derived  from  the  net  earn- 
ings ;  or,  if  reinforcement  be  impracticable,  to  replace  it  with  such 
new  portions  of  plant  as  will  fulfill  the  requirements  of  an  efficient 
service.  Thus  if  pipes  are  too  small  in  certain  sections  of  a  city  and 
cannot  be  reinforced,  then  the  cost  of  replacement,  less  the  value  of 
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the  discarded  pipe  in  jiroijortion  as  it  may  be  relaid  for  satisfactory  Mr.  Kiersted. 
use  in  other  portions  of  the  city,  should  be  deducted  from  the  com- 
mercial valuation.  This  process  is  practicable,  for  it  is  no  more  diffi- 
cult to  determine  whether  a  service  is  or  is  not  efficient  than  to  design 
a  j)lant  for  any  stated  service.  Or  if  a  jaumping  engine  is  worn  out, 
or  so  incapacitated  as  to  imperil  the  continuity  of  an  efficient  service, 
or  fail  to  afford  such  service,  then  the  cost  of  replacing  that  engine 
with  one  which  will  do  the  work  should  be  deducted  from  the  com- 
mercial valuation.  Occasionally  water  companies  are  jjermitted  to  use 
small  screw-jointed  wrought-iron  pipe  as  distribution  pipe.  Such  pipe 
cannot  afford  a  fire  service  ;  it  deteriorates  very  rapidly,  leaky  joints 
cannot  be  efficiently  repaired,  it  cannot  be  relaid  successfully,  and, 
therefore,  cannot  be  classed  as  permanent  construction.  When  it 
affords  an  inferior  service,  it  should  be  replaced  by  substantial  pipe  of 
l^roper  capacity,  and  the  cost  thereof  deducted  from  the  commercial 
valuation.  However,  when  it  does  render  efficient  service,  it  should 
be  looked  upon  as  a  service  pipe  serving  a  group  of  dwellings,  and 
included  in  the  valuation  as  any  other  service  pipe  would  be. 

A  rule  of  this  kind  should  be  comprehensive;  therefore,  if  a  water 
company  has  distinctly  bixilt  for  the  future,  then  to  the  commercial 
valuation  should  be  added  the  cost  of  the  parts  which  safely  and  dis- 
tinctively provide  for  this  future  ;  but  certainly  it  must  be  only  in  rare 
instances  where  such  provision  for  the  future  is  encountered,  for  a 
water  company  oi^erating  under  a  limited  franchise  would  scarcely 
maintain  its  plant  more  than  up  to  date,  especially  during  the  closing 
years  of  its  franchise,  and  one  operating  under  an  unlimited  franchise 
would  scarcely  anticipate  the  future  beyond  a  period  of  10  or  15  years, 
because  the  money  invested  in  excess  capacity  of  plant  to  cover 
demands  beyond  that  period  would  draw  no  interest  during  the  inter- 
val of  time  in  which  money  at  usual  rates  of  interest  would  double. 
Moreover,  any  comjDany  anticipating  a  future  purchase  of  its  property 
by  a  city,  and  the  complications  ustially  accompanying  such  negotia- 
tions, would  expend  money  very  conservatively  with  a  view  of  keep- 
ing ajiace  with  current  demands. 

Mr.  Emery  has  presented  a  very  interesting  discussion  in  connec- 
tion with  the  formula 

Substituting  in  this  formula  the  value  of  (7  =  $852  775,  the  j^resent 
value  of  the  Syracuse  plant,  as  determined  by  the  water  comjDany's 
experts,  together  with  the  value  oi  E  =  S82  036,  R  the  assumed  rate 
of  interest  =  to  4:,  S  =  3.348,  F  =  13.59,  and  Q  =  0.4564,  Mr.  Emery 
finds  a  value  for  V,  the  value  of  the  property,  equal  to  $652  494;  but 
had  Mr.  Emery  used  for  C  the  present  worth  of  the  plant,  $391  030,  as 
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Mr.  Kiersted.  estimated  by  tlie  city's  experts,  a  value  for  V  would  have  been  found 
equal  to  §902  755,  an  amount  greater  tban  tbe  valuation  at  first  deter- 
mined by  more  than  a  quarter  of  a  million  dollars.  Had  Mr.  Emery 
made  C  =  infinity,  then  the  term  PE  would  practically  vanish  and  V 
=  —  infinity  +  infinity  =  0.  Surely  this  is  a  very  anomalous  result; 
and  surely,  ujjon  this  basis  of  valuation,  the  city  should  have  em- 
ployed no  experts,  but  could  have  accepted  wdth  advantage  to  itself 
any  present  worth  which  the  company's  experts  might  estimate — the 
higher  the  estimate,  the  better  for  the  city. 

Assuming  the  valuation  of  §652  494  to  be  correct,  then  there  would 
result  the  following  exhibit: 

Net  earnings  as  stated §82  036 

Interest  on  §652  494  at  4% §26  100 

Sinking  fund  3.348%"  of  §652  494  =  .     21  845 
Unexpended  revenue 34  091 


§82  036  §82  036 

Applying  the  static  conditions  and  the  same  line  of  reasoning  as- 
sumed by  Mr.  Emery,  the  unexpended  revenue  of  §34  091  may  be 
regarded  as  an  annuity  which  at  4%  would,  in  the  assumed  term  of  20 
years,  amount  to  §1  015  059.  Thus  at  the  end  of  20  years  the  city 
would  have  completed  its  interest  payments,  extinguished  the  pur- 
chase debt  of  §652  494,  and  would  have  the  property  and  §1  015  059  in 
cash,  or  its  equivalent.  By  a  similar  deduction  with  a  valuation  of 
§902  755,  the  city  would  have  at  the  end  of  20  years  the  plant  and 
§465  563  in  cash,  or  its  equivalent  as  assets.  But  taking  the  case 
where  the  entii-e  available  net  revenue  of  §82  036  is  consumed  in  inter- 
est and  contributions  to  a  sinking  fund,  which  is  evidently  true  when 

^       E-\-S  ^        „         „  100 g  100  X  82  036      \.  ..(,  ^r, 

^-  -loo"  ^  =-  0,  or  (7  =  ^^-^    =      4^3.348       =  SI  116  440, 

then  V=  QC  =  0.4564  x   1  116  440  =  §509  543;  or  the  opposite  case 

when  E  —  ^  "^ /^  C=  §82  036,  which  is  true  for  C  =  0,  then  V=PE 

=  13.59  X  82  036  =  §1  114  869.  It  is  perfectly  clear  that  any  theory 
or  formula  which  places  a  premium  upon  the  depreciation  of  plant, 
and  which  admits  theoretically  of  a  valuation  anywhere  from  zero  to 
over  §1  000  000,  but  practically,  upon  the  data  given,  from  §509  543 
to  §1  114  869,  must  be  altogether  erroneous  in  premises  and  concep- 
tion. 

Perhaps  the  author's  fourth  method  of  appraisement  may  be  open  to 
a  similar  criticism,  for,  as  Mr.  Raymond  states,  whether  the  "present 
value  of  the  plant  is  §1  000  000  or  §1,"  the  valuation  of  the  property  as 
determined  by  the  formula  of  that  method  becomes  precisely  the  same 
as  bv  the  second  method.    The  reason  of  this  is  obvious.    The  present 
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vahie  of  the  plant  having  been  estimated,  a  term  embracing  that  value  Mr.  Kiersted. 

and  a  term  embracing  the  unknown  quantity  x  are  combined  in  the  form 

of  an  algebraic  expression  and  placed  equal  to  the  net  earnings.  Upon 

solving  the  equation  for  x,  we  arrive  at  a  capitalization  of  that  j)or- 

tion  of  the  net  revenue  which  is  not  utilized  in  providing  an  interest 

and  sinking  fund  for  the  estimated  present  value  of  the  plant.     This 

result,  added  to  the  present  value  of  the  plant,  gives  a  value  of  the 

property  which  must  agree  precisely  with  that  found  by  the  shorter 

and  more  logical  second  method,  and  represents  the  commercial  value 

of  an  up-to-date  property.     The  purely  engineering  factor  of  present 

value  has  been  introduced  and  eliminated  from  the  formula  by  a  single 

mathematical  process. 

Strictly  speaking,  the  author's  fourth  method  may  be  discarded 
altogether  for  the  second  and  simpler  method,  since  by  either  method 
the  result  must  be  identical;  but  between  Mr.  Emery's  method  and 
that  of  the  author  the  distinction  may  be  made — that  the  former 
varies  with  the  present  value  of  the  plant,  as  estimated  by  one  or  sev- 
eral experts,  and  may  therefore  give,  as  the  writer  has  shown,  as  many 
valuations  as  there  are  experts  to  estimate  it.  The  latter  rests  upon  a 
few  ascertainable  facts,  with  the  excejjtion,  perhaps,  of  the  duration  of 
sinking  fund  intended  to  cover,  among  other  things,  the  immeasurable 
depreciation  of  plant  due  to  artificial  causes  and  natural  decay,  in  a 
manner  to  accord  fairly  well  with  the  statutory  provisions  governing 
cities  in  the  issue  of  bonds  and  the  maintenance  of  a  sinking  fund  to 
extinguish  them  at  maturity. 

With  regard  to  the  estimated  value  of  the  measurable  depreciation, 
the  author  believes  there  is  room  for  but  little  difference  of  oiDinion  as 
it  resolves  itself  into  a  question  of  facts  susceptible  of  convincing 
proof  or  refutation. 

As  a  remedy  for  Mr.  Raymond's  lame  horse,  the  writer  would  sug- 
gest that  a  company,  when  it  commits  the  error  of  erecting  a  rack  of 
sjDonges  or  of  filling  with  gravel  a  crib  built  along  the  margin  of  a 
river  under  the  guise  of  erecting  a  filter  required  by  contract  to  be 
erected  for  the  jjurpose  of  removing  the  sediment  from  a  water  supply 
abstracted  from  a  typical  western  river,  is  one  which  is  organized  for 
speculative  purposes,  or  is  in  ignorance  of  the  true  characteristics  of 
detrital  rivers ;  therefore,  it  should  not  be  exempt  from  loss  when  such 
expedients  larove  a  failure,  as  inevitably  they  mast.  However,  when  a 
company  locates  a  water  supply  intake  on  a  river  at  a  point  which  at 
the  time  is  remote  from  contaminating  influences  of  a  serious  nature, 
and  which  is  satisfactory  to  or  requested  by  the  grantor  of  a  franchise, 
but  which  in  time  becomes  contaminated  through  causes  beyond  the 
power  of  a  company  to  control,  comi^elling  a  change  to  a  more  remote 
source  of  supply  at  heavy  expense,  then  it  is  not  clear  that  the  comj^any 
should  be  the  loser,  inasmuch  as  its  works  jiass  through  the  same  pro- 
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Mr.  Kiersted.  cess  of  evolution  as  would  those  of  a  muuieipal  plant  erected  under 
similar  conditions.  The  one  is  a  deliberate  error  or  one  wliicli  might 
easily  be  avoided;  the  other  becomes  aj^parent  as  an  error  through 
certain  unexpected  developments  which  could  not  be  anticipated. 

In  further  illustration  of  the  author's  second  method  of  valuation, 
reference  is  made  to  the  Haverhill,  Mass. ,  case  as  presented  by  Mr. 
Coffin,  wherein  it  is  stated  that  the  gross  revenues  were  $85  265,  and 
the  operating  expenses  were  $22  465,  hence: 
(85  265  —  22  465)  1  OOP 

^  = 60-+^3:58 =  ^^^1  ^^^ 

where  $33.58  equals  the  annual  contribution  to  a  sinking  fund  per 
$1  000  at  4  per  cent. 

The  vakie  of  the  property  as  apjiraised  by  the  commissioners  is 
$637  500. 

In  the  Omaha  controversy,*  the  net  income  of  the  water-works  of 
that  city  in  1896  is  stated  to  be  $239  000,  hence  x  =  $2  554  000. 

In  the  recent  Trinidad,  Colo. ,  case,  the  commissioners  a^^praised 
the  value  of  the  property  at  $296  771.69. 

The  gross  annual  revenuesf  are  stated  to  be  $29  812;  the  operating 
exj)enses  $2  880,  and  taxes  $1  751;  hence  the  net  revenue  is  $25  181. 

In  the  Providence,  K.  I.,  case  as  presented  by  Mr.  Weston,  the 
original  cost  of  the  works  uj)  to  January  1st,  1897,  is  estimated  at 
$6  270  074,  the  cost  of  reproduction  at  the  time  at  $4  008  000,  and  the 
net  revenue  at  $426  958.88;  hence  using  &%  as  the  rate  of  interest,  not 
the  b%  which  Mr.  "Weston  used  in  his  comparison,  there  results : 

426  958.88x1000       «....,  .^n 
"=         60 -f  33.58         -^4  562  500, 

or  $4  441  500,  if  the  rate  of  interest  upon  the  contributions  to  the 
sinking  fund  be  taken  at  ^%  as  assumed  by  Mr.  Weston. 

In  the  case  of  Nyack,  N.  Y.,  the  commissioners  appraised  the  prop- 
erty at  $107  750,  of  which  gross  appraisal  $25  000  was  allowed  as  the 
value  of  the  franchise.  The  gross  revenues  were  $12  275;J  operating 
expenses,  $5  600;  taxes,  $972;  net  revenues,  $5  703;  hence: 

5  703  X  1  000 
""-     60  +  33.58     =^60  942. 

In  the  case  of  the  town  of  New  Lots,  regarding  which  Mr.  Tuttle 
gives  many  interesting  facts,  the  appraisal  was  $570  000;  the  gross 

*  See  Report  of  Mr.  R.  B.  Howell,  City  Engineer  of  Omaha,  in  the  Engineering 
Record  of  January  9th,  1897,  who  estimated  the  present  value  of  the  property  at 
$2  650  000  to  S3  000  000. 

t  See  Blanual  of  American  Water- Works  for  1897. 

±  See  Manual  of  American  Water- Works  for  1897. 
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revenues,  ^84  292.75;  tlie  operating  exi^enses,  $20  786.05;  net  revenues,  Mr.  Kiersted. 
$63  506.70;  lience: 

Altliougli  the  rates  in  the  town  of  New  Lots  were  to  be  the  same  as 
those  in  the  City  of  Brooklyn,  there  is  evidence  that  they  afforded  a 
larger  proportionate  revenue  than  did  those  of  Brooklyn,  for,  by  divid- 
ing the  gross  revenue,  $84  292. 75,  by  the  number  of  taps  in  the  town  of 
New  Lots,  namely,  4  680,  the  income  per  tap  amounts  to  $18.     The 

1  522  381 
revenue  per  tap  in  Brooklyn  for  the  same  year  is  — ^     '        =  $14.73; 

hence,  assuming  the  Brooklvn  revenue  per  tap  there  results: 

.,  =  '-t''8°X'^"^_^-;';j«'')l°°°  =  «5M  BOO. 

If  a  mean  of  the  two  a^jpraisals  be  taken,  the  valuation  becomes 
$596  750.  Mr.  Tuttle  states  that  the  water  company  estimated  the 
value  of  the  pumping  ijlant,  reservoir,  distribiition  system  and  all 
other  apijurtenances,  after  allowing  for  depreciation,  at  $334  952,  or 
$42  452  more  than  did  the  experts  for  the  city.  Upon  that  basis  the 
value  of  the  property  would  become  $570  000  +  42  452  =  $612  452. 
A  mean  of  the  two  values,  $570  000  and  $612  452,  equals  $591  226. 

While  the  author  admits  that  the  method  of  reaching  results  by 
averages  may  be  open  to  criticism,  still  to  him  it  seems  no  more  in- 
congruous than  is  a  method  involving  a  direct  estimate  of  progressive 
and  jDractically  immeasurable  depreciation  of  plant  or  the  "  value  of  a 
franchise  "  upon  the  basis  of  prospective  earnings. 

In  the  foregoing  examples  the  appraisal  by  the  author's  method 
does  not  include  the  factor  of  measurable  depreciation  of  plant.  A 
critical  examination  of  this  factor  in  the  light  of  existing  facts  in  each 
case  at  the  time  of  apjDraisement  may  or  may  not  change  the  result. 

Nisbet  Wingfield,  M.  Am.  Soc.  C.  E. ,  lately  applied  the  principle 
outlined  by  the  author  in  ajjpraising  the  value  of  the  water-works  of 
Montgomery,  Ala.     Under  date  of  September  24th  he  writes  as  follows: 
"I  have  made  a  valviation  on  the  Montgomery  water-works  as  fol- 
lows: 

"  I  find  the  cost  of  duplication  to  be  $266  627.00 

"  The  net  income  is   36  541.82 

"The  immediate  improvements    required   on   the 

l^lant  to  hold  the  present  revenue  would  cost  . .        96  264.00 
"  My  valuation  was  on  the  basis  of  cajiitalization  at 
&%,  and  allowing  5%  for  sinking  fund,  time  30 
years. 
"This  would  make  the  value 491  417.00 

less  the  $96  264  for  improvements,  leaving  net  value  of  $395  153,  which 
was  the  value  that  I  put  upon  the  plant.  This  appraisement,  after 
careful  consideration  by  the  Mayor  and  water- works  committee,  was 
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Mr.  Kiersted.  accepted  as  fair,  and  in  tbeir  report  to  tlie  Board  they  recommended 
tliat  the  city  pay  this  sum  for  the  plant  as  it  stands.  Theii*  acceptance 
of  this  amount,  which  is  over  ^100  000  in  excess  of  the  cost  of  duplica- 
tion, shows  that  the  city,  itself,  recognizes  the  fact  that  a  water-works 
with  an  established  income  has  a  value  entirely  separate  from  the  cost 
of  duplication.  In  arriving  at  this  value  there  must  be  taken  into  con- 
sideration, of  course,  all  questions  which  might  influence  the  earning 
caj^acity  of  the  works;  that  is,  relations  with  the  city,  etc." 

In  conclusion  the  author  would  state  that  although  the  discussions 
l^resent  many  arguments  in  favor  of  other  methods  of  valuation  than 
the  one  presented  by  him,  still  there  remains  very  substantial  ground 
to  believe  that  net  earnings  constitute  the  true  basis  of  appraise- 
ment when  proper  deductions  are  made  from  the  valuation  so  deter- 
mined in  accordance  with  the  character  of  service  rendered  and  the 
physical  condition  of  the  property.  The  principles  embodied  in  this 
method  of  valuation,  when  judiciously  api^lied,  must  certainly  lead  to 
conchisions  which  are  fair  and  equitable;  otherwise  it  would  scarcely 
give  results  which  approximate  so  closely  the  valuation  of  water-works 
in  the  several  instances  which  have  been  mentioned.  It  is  not  clear, 
at  least  to  the  author,  that  the  other  methods  which  have  been  outlined 
reduce  the  elements  of  uncertainty  which  naturally  enter  the  problem 
of  valuation,  or  that  they  present  any  clearer  or  less  complicated 
method  of  combining  the  inseparable  business  and  engineering  con- 
siderations. 
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WITH    DISCUSSION. 

Asphalt. — The  bitumen  which  forms  the  base  of  asphalt  is  defined 
by  Professor  S.  F.  Peckham  as  "that  large  class  of  substances  occur- 
ring in  Nature  as  minerals  and  consisting  chiefly  of  mixtures  of  com- 
pounds of  carbon  and  hydrogen,  with  nitrogen,  suli^hur  and  oxygen 
as  more  rare  constituents."  In  this  paper  bitumen  will  be  considered 
as  any  natural  hydro-carbon  soluble  in  carbon  bisulphide,  and  any 
substance  containing  hard  bitumen  will  be  called  asphalt.  Of  the 
bitumen  itself,  the  portion  soluble  in  ether  is  called  petrolene,  and  the 
remainder,  soluble  in  chloroform  or  carbon  bisulphide,  asphaltene. 
For  an  asphalt  suitable  for  paving,  the  bitumen  should  contain  not 
more  than  25%  or  ^0%  of  asphaltene. 

The  amount  of  bitumen  in  asjihalt  is  not  so  important  as  regards 
final  results,  but  its  relative  quantity  influences  the  commercial  value 
of  the  as^Dhalt  in  consequence  of  the  cost  of  handling  and  refining 
it,  and  particularly  in  consequence  of  the  effect  it  has  on  the  number 
of  yards  of  pavement  that  can  be  laid  iDer  ton  of  crude  material. 
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This  bitumen  is  of  varying  quality,  and  upon  its  character  depends 
the  value  of  the  asphalt  for  paving  jjurposes.  The  jsetrolene  gives  the 
cementing  property  to  the  asphalt,  while  the  asphaltene  forms  the 
body  of  the  material.  If  an  asphalt  contains  too  much  petrolene,  it  is 
soft  and  sticky  and  makes  a  sticky  pavement.  If  the  asphaltene  be 
in  excess,  the  jiavement  will  be  hard  and  liable  to  crack  and  disinte- 
grate. The  jjetrolene  is  the  solvent  for  the  asphaltene  and  must  be 
added  to  a  hard  asj^halt  in  such  quantities  as  will  give  an  asphaltic 
cement  of  proper  viscosity.  Upon  the  preparation  of  this  asphaltic 
cement  depends  the  success  of  the  completed  pavement. 

According  to  Boussingault  the  formiila  for  petrolene  is  C^o  H-.,, 
and  for  asj^haltene  C.^c,  H32  O3;  that  is,  the  petrolene  has  become 
oxidized.  Thomson  deduces  the  following  formulas  :  jDetrolene, 
CjQ  Hg;  asjihaltene,  C20  H,g  O3.  These  two  substances,  it  should  be 
said,  have  not  been  clearly  determined  by  chemists,  whose  results  vary 
greatly. 

The  opinions  of  Dr.  H.  Endemann*  would  seem  to  overturn  the 
generally  accepted  theories  as  regards  the  nature  of  asphaltene  and 
petrolene.  He  adopts  a  different  method  of  analysis  and  arrives  at 
very  different  results.  In  speaking  of  the  present  methods  in  use  in 
America,  he  says: 

"  I  had  to  admit  and  do  admit  that  the  analysis  as  carried  out  by 
the  later  methods  suffices  to  make  identity  or  non-identity  of  two 
samples  probable  or  highly  probable.  It  is  also  adapted  to  watch  the 
supply  of  a  single  mine  or  the  refining  of  asphalt  from  the  same  source; 
but  it  does  not  admit  of  basing  any  conclusions  ui^on  the  results,  if  we 
work  on  asphalts  from  different  sources." 

He  proceeds  to  demonstrate  by  an  analysis  of  refined  Mexican  and 
Trinidad  asphalt,  using  the  two  j^rocesses,  that  the  product  which  has 
generally  been  called  petrolene  contains  only  about  43%  of  petrolene 
proper,  the  reason  being  that  when  asphalt  is  treated  with  petroleum 
ether,  not  only  the  petrolene  is  dissolved,  but  also  a  large  amount  of 
asphaltene.     By  these  analyses  he  deduces  the  following  results: 

Petrolene.  Asphaltene. 

Trinidad  Lake 13.70  per  cent.  46.28  per  cent. 

Trinidad  Land 10.74        "  47.70 

Mexican .37.45         "  59.85        " 

*See  an  article  entitled  "An  Analysis  of  Asphalt"  in  the  Journal  of  the  Society  of 
Chemical  Industry,  Vol.  xv,  No.  12. 
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and  adds: 

"  I  believe  no  one  accustomed  to  the  figures  generally  reported  for 
these  three  excellent  asphalts  would  recognize  them  in  this  shape." 
By  a  further  analysis  he  deduces  for  asjDhaltene  the  formula  €,3  H,g  O 
or  a  multii^le,  and  for  jjetrolene  C,j  H2,;,  adding: 

"While  the  formula  for  asphaltene  is  vei'ified  by  direct  analyses, 
that  of  petrolene  is  deduced  from  a  mixture,  and  may  require  verifica- 
tion. Petrolene  also  includes  a  series  of  compounds,  while  asjihaltene 
ajjpears  as  a  single  body.  It  differs  from  the  substance  called 
asphaltene  by  Boussingaiilt  by  containing  less  oxygen." 

He  gives  the  following  as  a  result  of  an  analysis  of  refined  Mexican 
asphalt  by  the  old  method  and  the  one  proposed  by  himself: 

Old  Method.  Proposed  Method. 

Petrolene 87.12  per  cent.  26.51  per  cent. 

Asphaltene 10.19        "  70.80 

Inorganic 0.27        "  0.27 

Organic,  not  bituminous .     2.42        "  2.42         " 

100.00  100.00 

He  further  says : 

"I  have  been  asked  whether  it  would  not  be  possible  to  recalcu- 
late the  many  analyses  of  especially  crude  asphalts  made  during  the 
last  few  years  to  avoid  the  loss  of  so  much  labor.  To  this  I  have  to 
answer  that  it  is  not  possible  for  the  reason  that  the  higher  j^etrolenes, 
when  dissolved  in  petroleum  ether,  exert  a  greater  dissolving  influence 
upon  asphaltene  than  the  lower. 

"  However,  as  regards  refined  jsaving  asphalts  an  approximation  is 
possible,  and  may  be  reached  by  dividing  the  petrolene  found  accord- 
ing to  old-style  analysis  by  3|-.  This  will  give  us  real  petrolene.  The 
diflference  between  this  figure  and  the  original  is  to  be  added  to  the 
asphaltene." 

This  controversy  must  be  left  for  American  chemists  to  settle,  for 
when  doctors  disagree,  the  layman  should  remain  quiet  and  await  re- 
sults. It  is  not  proposed  in  this  paper  to  discuss  asphalt  in  all  its 
forms,  but  only  in  those  that  are  used  for  pavements.  The  engineer 
must  leave  the  jjatient  investigation  of  these  materials  to  chemists  and 
accept  their  conclusions. 

The  princii^al  i^laces  where  asj^halt  is  found  are  the  Pitch  Lake  on 
the  island  of  Trinidad;  Bermudez,  Venezuela;  Seyssel,  France;  Trav- 
ers,  Switzerland;  Kagusa,  Sicily;  and  in  California  and  Utah.  Some 
deposits  have  also  been  found  in  Mexico,  Kentucky,  Texas,  Montana, 
Colorado  and  Indian  Territory. 
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Trinidad  Asphalt. — At  the  time  of  the  author's  visit  to  Trinidad 
the  asjihalt  was  being  dug  from  the  lake  and  carted  to  the  shore  with 
mules.  It  was  then  loaded  into  lighters  and  taken  to  the  ships 
anchored  in  the  offing.  Since  then,  however,  the  concessionaires  have 
constructed  a  railroad  from  the  shore  to  and  around  the  lake,  so  that 
the  pitch  can  be  loaded  upon  the  cars,  drawn  to  the  shore,  out  on  an 
iron  pier,  and  then  dumped  direct  into  the  hold  of  the  waiting  ship, 
thus  greatly  reducing  the  expense  of  loading. 

The  material  is  easily  dug  uj?  by  negro  laborers  with  ordinary 
pickaxes  in  chunks  averaging  about  one-half  a  cubic  foot  each,  the 
excavations  being  made  of  perhaps  5  or  6  ft.,  or  of  any  convenient 
depth. 

These  excavations  will  fill  up  from  the  jaressure  below  in  about  48 
hours.  The  surface  of  the  lake  has  been  compared  to  one  formed  by 
placing  together  a  number  of  large  mushrooms,  the  water  previously 
spoken  of  standing  in  the  depressions  where  the  mushrooms  come 
together.  It  has  been  thought  by  geologists  that  this  appearance  was 
caused  by  the  material  being  forced  up  in  a  liquid  form  through  a 
large  number  of  orifices.  These  difi'erent  streams,  coming  together 
at  the  top,  form  a  surface,  which,  when  hardened,  presents  the  appear- 
ance described. 

The  asphalt  is  brought  to  this  country  generally  in  its  crude  state, 
and  is  refined  at  various  points  where  most  convenient  for  distribu- 
tion. This  refining  process  consists  of  heating  the  material  in  large 
iron  retorts  to  a  temperature  of  about  400°  Fahr.  for  five  or  six  days. 
This  serves  to  evaporate  all  the  water,  and  drives  oflf  all  the  volatile 
oils.  The  solid  foreign  matter  is  allowed  to  settle  to  the  bottom,  and 
the  remainder  is  drawn  off  into  barrels  for  shipment.  The  sediment 
is  then  taken  out,  and  is  used  for  sidewalks  or  similar  purposes. 
Three  tons  of  the  crude  material  makes  about  2  tons  of  the  refined. 

Another  process  of  refining  or  drying  asphalt  has  been  used  more 
recently.  The  ajsparatus  consists  of  an  iron  tank  large  enough  to 
contain  about  30  tons  of  the  material.  In  this  tank  is  a  continuous 
pipe  arranged  in  gangs,  something  similar  to  a  steam  radiator,  having 
a  steam  pipe  to  take  the  condensed  water  back  to  the  boiler.  Another 
set  of  pipes,  called  the  live-steam  pipes,  has  a  direct  boiler  connec- 
tion and  a  number  of  jets  inserted  in  it  at  the  bottom,  so  that  the 
material  in  the  tank  can  be  kept  in  constant  agitation  by  the  injection 
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of  hot  steam  through  these  jets,  thus  ensuring  a  complete  and  even 
mixture,  as  well  as  more  rapid  evaporation.  After  the  tank  is  filled 
with  asphalt,  steam  is  applied  at  a  pressure  sufficient  to  produce  a 
heat  of  about  300^  Fahr.  The  application  of  this  heat  for  fifteen  or 
sixteen  hours  is  sufficient  in  most  cases  to  evaporate  all  the  water 
from  the  asphalt,  when  it  is  drawn  ofi"  into  barrels  for  shipment.  If 
the  material  is  to  be  used  near  the  refining  plant,  the  flux  is  added 
before  the  product  is  drawn, oflf  and  the  asphaltic  cement  made  on  the 
spot.  This  method  is  generally  called  the  drying  process,  and  is 
economical,  both  in  time  and  material,  as  it  only  requires  sixteen  hours 
against  ninety  by  the  old,  and  there  is  no  wastage  of  material.  It  is 
held  that  as  so  large  an  amount  of  extraneous  matter  must  be  added 
to  make  the  jjavement,  it  is  a  waste  of  material  to  lose  the  amount  of 
sediment  which  is  very  similar  to  what  is  afterwards  added,  and  under 
the  old  i^lan  was  often  a  total  loss.  This  system  has  been  in  oi^eration 
about  two  years. 

An  analysis  of  the  refined  lake  product  gave  the  following  result: 
bitumen,  55.6%;  foreign  matter,  44.4%;  petrolene,  70.12%;  asphal- 
tene,  29.78%;  specific  gravity,  1.38. 

California  AspTialt. — California  produces  nearly  all  the  United 
States  asphalt  used  for  paving  purposes.  While  it  can  be  found  in 
this  state  in  nearly  all  its  stages  of  development,  but  three  of  these 
are  adapted  to  pavements,  namely,  the  maltha,  hard  asphalt  and 
bituminous  rock. 

Maltha  is  a  liquid  asjihalt  used  principally  as  a  flux  for  the  harder 
material.  It  contains  a  large  percentage  of  bitumen,  of  which  nearly 
all  is  petrolene;  this  determines  its  value  as  a  flux.  On  account  of 
the  inconvenience  of  shij^ping  it  in  its  natural  condition,  the  asphaltic 
cement  is  made  near  the  mines,  which  are  in  Santa  Barbara  County 
near  the  city  of  the  same  name.  The  sand  and  vast  beds  of  underly- 
ing shale  in  this  vicinity  are  saturated  with  the  material,  but  at  pres- 
ent the  maltha  is  obtained  from  the  sand.  An  upper  surface  of  about 
1  ft.  of  soil  is  washed  oflf  into  the  ocean  and  the  bed  of  sand  left  full 
and  clean.  This  sand  is  then  gathered  up  and  the  maltha  extracted 
by  a  patent  mechanical  process.  This  bed  probably  extends  for  sev- 
eral miles  under  the  sea,  as  the  water  for  a  long  distance  up  and  down 
the  coast  is  covered  with  an  oily  film  showing  that  this  same  material 
must  be  forced  up  from  the  bottom  of  the  ocean.     The  composition 
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of  this  material  wlien  ready  for  use  is  98.26%  bitumen  and  1.74%" 
mineral  matter;  the  j^etrolene  amounts  to  92.5  per  cent.  The  specific 
gravity  is  1.05. 

Some  25  miles  east  of  this  deposit  is  located  the  principal  deposit 
of  the  hard  asphalt,  which  extends  over  an  area  of  several  hundred 
acres.  This  material  is  quite  hard,  presenting  an  apjaearance  some- 
what similar  to  refined  Trinidad.  When  refined  it  is  treated  in  practi- 
cally the  same  manner  as  that  before  described,  but  the  paving  cement 
is  often  made  by  mixing  the  crude  material  and  the  maltha  at  a  low 
temjierature  for  only  a  few  hours,  the  proportions  of  the  mixture  de- 
pending xipon  the  consistency  of  the  cement  required.  The  compo- 
sition of  the  natural  i^roduct  is:  bitumen,  59.15%;  organic  matter, 
1.10%;  mineral  matter,  39.75%;  petrolene,  42.50%;  specific  gravity, 
1.25. 

Another  deposit  of  hard  asphalt  has  been  found  in  Kern  County  of 
jjrobably  the  same  origin,  but  containing  a  larger  percentage  of 
bitumen.  It  is  treated,  both  in  refining  and  fluxing,  in  the  same 
manner  as  that  from  the  Santa  Barbara  mines.  The  refined  product 
contains:  bitumen,  93.27%;  mineral  matter,  5.77%;  organic  matter, 
0.54%;  moisture,  0.42%;  petrolene,  71.27%;  asphaltene,  28.73  per 
cent. 

In  Santa  Cruz,  San  Luis  Obispo  and  Monterey  Counties  are  found 
deposits  of  asphalt  of  an  entirely  difi"erent  nature,  and  pavements 
laid  with  their  product  must  not  be  confounded  with  the  others.  It 
consists  of  sand  thoroughly  mixed  with  an  asphalt  of  such  a  nature 
as  to  make  a  good  pavement  in  a  natural  state.  The  sand  is  of  all 
grades  of  fineness,  sometimes  largely  mixed  with  clay,  and  often  so 
hard  as  to  be  almost  a  sandstone.  Pavements  of  this  material  have 
been  quite  extensively  laid  in  California  cities,  the  method  being 
simply  to  heat  the  crude  product  so  that  it  can  be  rolled  to  a  hard 
smooth  surface  on  the  street,  in  some  cases  without  any  prepared 
foundation.  It  is  not  strange  that  the  results  of  such  operations  should 
often  prove  failures,  as  no  sjiecial  care  seems  to  have  been  taken  to 
select  the  best  of  the  materials  at  hand.  These  failures  have  sometimes 
been  charged  improj^erly  to  the  other  California  asphalts. 

Bei-mudez  Asphalt. — The  dejjosit  of  Bermudez  asphalt  is  situated  in 
the  state  of  the  same  name  in  Venezuela.  It  is  across  the  Gulf  of 
Paria  from  the  Island  of  Trinidad,  and  some  peojjle  think  the  two 
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deposits  are  connected  subterraneonsly.  The  lake  is  about  5  miles 
fi'om  the  shipping  point,  which  itself  is  25  miles  up  a  river  from  the 
Gulf.  It  includes  an  area  of  some  1  200  or  1  500  acres,  covered  gen- 
erally with  quite  a  heavy  growth  of  grass  and  bushes.  Through  the 
lake  runs  a  so-called  sti'eam  of  liquid  asphalt,  varying  in  width  from 
100  to  400  ft.  With  the  exception  of  this  stream,  a  person  can  easily 
walk  over  the  entire  surface  of  the  lake,  but  upon  the  stream  itself  it 
is  not  safe  to  venture  after  the  sun  is  two  or  three  hours  high.  A 
IJortable  railroad  is  built  out  into  the  lake,  upon  which  light  hand-cars 
are  run.  After  being  loaded,  the  cars  are  pushed  to  the  shore,  where 
they  are  unloaded  into  other  cars,  and  the  material  then  hauled  to  the 
shipping  point  over  a  permanent  steam  railroad.  These  cars  are  pro- 
vided with  boxes  each  containing  about  a  ton  of  the  crude  material,  and 
when  delivered  alongside  the  vessel  at  the  wharf,  the  boxes  are  hoisted 
from  the  cars  and  lowered  into  the  hold  of  the  vessel  and  there  dumped. 

The  first  i^avement  of  Bermudez  asphalt  was  laid  in  Detroit  in  1892. 
When  refined,  the  asphalt  is  composed  of:  bitumen,  97.22%;  mineral 
matter,  1.50%;  organic  matter,  1.28%;  petrolene,  77.90%;  asphaltene, 
22.10%;  specific  gravity,  1.08. 

Utah  AsphaU. — The  deposits  in  Utah  are  situated  in  Utah  County, 
and  are  found  in  a  vein  of  limestone  about  8  ft.  in  thickness,  only  one- 
fourth  of  which  contains  sufficient  bitumen  to  make  it  profitable  for 
use,  the  amount  being  about  30  per  cent.  In  eastern  Utah  is  another 
deposit  called  gum  asphalt,  which  is  claimed  to  be  pure  bitumen.  An 
analysis  shows:  carbon,  81%;  hydrogen,  10%;  nitrogen,  3%;  and 
oxygen,  6  per  cent. 

In  preparing  a  mixture  for  street  work  the  gum  asphalt  is  melted 
and  fluxed  with  a  small  amount  of  residuum.  It  is  then  mixed  in  the 
proper  proportions  with  hot  sand  and  the  bituminous  limestone. 
This  mixing  is  done  in  cylinders  surrounded  with  steam  jackets,  in 
which  steam  is  kept  at  a  temperature  of  600°  Fahr.  during  the  mixing, 
which  continues  a  few  minutes,  when  the  mass  is  dumped  into  carts 
and  taken  to  the  street.  Pavements  of  this  material  have  been  laid  in 
Salt  Lake  City,  Minneai^olis,  and  Marion,  O. 

Kentucky  Asphalt. — The  Kentucky  deposits  are  found  in  sandstone, 
and  should  be  classed  with  the  rock  asphalts.  The  output  is  not  large, 
and  very  little  information  could  be  obtained  concerning  it.  Some  years 
ago  two  jjieces  of  i^avement  were  laid  with  this  material  in  Brooklyn, 
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and  while  some  of  it  is  in  existence  now,  so  little  care  was  taken  as 
to  time  and  manner  of  laying  that  tlie  experiment  has  been  of  little 
value. 

Indian  Territory  Asphalt. — The  asphalt  deposits  of  Indian  Territory 
are  located  in  the  southwestern  part  of  the  territory  in  the  Arbuckle 
Mountains,  near  the  Washita  River.  They  extend  over  an  area  of 
several  square  miles.  The  asphalt  is  found  in  sand  and  also  bi- 
tuminous rock.  The  former  contains  1&1%  and  the  latter  21%  of 
bitumen.  The  sand  asphalt  is  used  in  its  natural  state  in  pavements. 
It  is  heated  in  a  sjjecial  apparatus  and  laid  in  much  the  same  way 
as  the  European  rock  asphalts,  but  to  the  rock  asphalt  50%  of 
sand  asphalt  is  added  before  heating,  when  it  is  laid  as  before. 
Nearly  all  the  work  in  the  development  of  this  deposit  has  been  done 
during  the  past  eighteen  months,  the  charter  for  the  company  from 
which  the  present  operators  leased  it  having  been  granted  in  1895  ; 
consequently  very  little  pavement  has  been  laid  with  this  material, 
that  little  being  principally  in  the  rejjairs  of  other  pavements.  Where 
used,  it  has  so  far  given  good  satisfaction,  though  from  its  amount 
of  bitumen  it  might  be  expected  to  make  a  pavement  that  would 
be  too  soft. 

By  a  process  of  refining,  a  bitumen  of  about  the  consistency  of 
maltha  is  produced  from  the  sand  asphalt.  It  is  first  separated  from 
the  sand  by  being  boiled  in  water.  The  asphalt,  having  a  smaller 
specific  gravity  than  water,  rises  to  the  surface,  when  it  is  skimmed  off 
and  still  further  refined  as  required. 

European  Asphalt. — The  European  asphalts,  although  somewhat 
scattered,  are  found  under  about  the  same  conditions.  They  exist  in 
strata  of  varying  dejaths,  from  6  to  23  ft.  in  thickness,  separated 
from  each  other  by  impermeable  beds  of  limestone. 

It  is  supposed  that  at  an  early  period  bitumen  must  have  been 
vaporized  by  extreme  heat,  that  the  hydi'o- carbon  in  a  state  of  vapor 
was  forced  through  this  limestone  while  soft,  much  as  subterranean 
water  follows  layers  of  gravel  confined  by  beds  of  clay  or  stone,  and 
that  fissures  in  the  overlaying  rock  have  permitted  the  vapor  to 
pass  to  the  other  soft  strata  above.  The  rock  absorbed  this  vapor  to 
a  greater  or  less  extent,  and  the  geological  changes  occurring  in  the 
succeeding  years  produced  the  rock  asphalt  as  it  is  found  to-day.  To 
make  a  good  pavement  this  rock  should  contain  from  9.  b%  to  10%  of 
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bitumen,  according  to  conditions.  If  one  deposit  contains  too  mucli,  it 
can  be  mixed  witla  another  comijound  containing  less.  According  to 
the  solvents  used,  the  products  of  the  same  mine  will  produce  different 
results,  and  that  may  account  for  the  results  given  here  from  three 
different  sources.  The  bitumen  and  carbonate  of  lime  form  so  very 
large  a  percentage  of  the  whole  that  the  other  ingredients  are  not 
considered. 
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Pavements. — In  1854  a  pavement  of  rock  asjjhalt  was  laid  on  the 
Rue  Bergere,  Paris,  as  an  experiment,  with  such  success  that  four  years 
later  another  trial  was  made  on  Rue  St.  Honore,  from  which  time  may 
date  the  beginning  of  asphalt  pavements.  In  London  the  first  pave- 
ment similar  to  this  was  laid  in  1869,  and  in  Berlin  in  1873. 

Asphalt  as  generally  laid  in  this  country  is  a  bituminous  concrete, 
the  sand  acting  as  the  body  of  the  mixture,  the  asphalt  simply  cement- 
ing the  particles  of  sand  together. 

The  success  of  the  European  pavements  led  investigators  of  this 
country  to  make  experiments  in  their  own  behalf,  and  from  1870  to 
1873  quite  a  large  area  of  pavement  was  laid  with  coal-tar  instead  of 
asphalt  as  a  binding  material.  These  pavements  failed,  as  the  coal- 
tar  was  ai^t  to  crack  in  the  winter  and  be  soft  and  sticky  in  the  sum- 
mer; or,  in  other  words,  a  pavement  made  of  coal-tar  that  would  not 
be  soft  in  hot  weather  would  crack  and  crumble  when  the  weather  be- 
came cold.  Chemically  there  is  not  much  difference  between  coal-tar 
and  asphalt;  in  fact,  the  author  was  once  told  by  an  eminent  chemist 
that  he  knew  of  no  chemical  test  by  which  the  presence  of  coal-tar 
could  be  detected  in  asjihalt.  If  it  exists  in  any  amount,  however,  it 
can  readily  be  discovered  by  its  odor. 

The  failure  of  these  pavements  led  to  further  investigation  on  the 
part  of  interested  people,  and  in  1870  a  bituminous  pavement*  was  laid 
in  Newark,  N.  J.,  around  the  City  Hall,  followed  in  1871  by  one  in  New 
York,  near  the  Battery,with  Trinidad  asphalt  as  the  cementing  material. 

*  There  is  some  doubt  as  to  the  composition  of  the  Newark  pavement.  The  records 
do  not  say  whether  it  was  asphalt  or  a  coal-tar  mixture. 
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About  the  same  time  a  similar  pavement  was  laid  in  Philadelphia,  and 
a  few  years  later  others  in  New  York.  These  experiments  were  so  suc- 
cessful that  they  attracted  the  attention  of  the  authorities  of  Washing- 
ton, and  in  1876  a  commission  appointed  under  the  authority  of 
Congress  reported  in  favor  of  paving  Pennsylvania  Avenue  with 
asphalt,  using  the  European  bituminous  rock  on  one  portion  and  Trini- 
dad asjjhalt  for  the  remainder.  From  the  completion  of  that  work 
dates  the  entire  success  of  asphalt  jiavements  in  the  United  States, 
and  although  a  great  amount  of  careful  study  and  further  investiga- 
tion was  necessary,  the  industry  has  been  continually  on  the  increase 
since  that  time. 

Some  eight  or  nine  years  ago,  in  making  his  annual  report  to  the 
city  council  of  Omaha,  the  author  had  occasion  to  say  that  stone  and 
asphalt  were  the  only  real  paving  materials.  The  experience  of  the 
years  since  then  has  only  made  stronger  that  belief.  For  a  street 
subjected  to  heavy  traffic  there  can  be  no  question  that  granite 
properly  laid  makes  the  best  and  most  economical  jjavement,  but  for  a 
moderate  traffic,  on  reasonable  grades,  asphalt  will  give  the  most  gen- 
eral satisfaction.  It  is  smooth,  almost  noiseless,  and  can  be  kept 
clean.  As  a  sanitary  pavement,  it  is  without  a  rival.  It  is  said  to  be 
exijensive,  and  it  is,  to  a  certain  degree,  but  very  few  who  use  it  will 
doubt  the  value  received.  The  question  of  cost  and  durability 
will  be  discussed  more  in  detail  later.  Some  asphalt  pavements  have 
failed,  but  that  is  not  sur^jrising  when  it  is  considered  how  new  the 
industry  is,  how  rapidly  it  developed,  and  that  all  facts  about  its  con- 
struction had  to  be  established  by  pavements  actually  in  use. 

The  question  of  how  steej)  a  grade  on  which  it  is  safe  to  lay  asphalt 
has  received  a  gi'eat  deal  of  study.  Oi'iginally  grades  of  even  4:%  were 
considered  j^rohibitory,  but  as  more  work  was  done,  this  was  seen  to  be 
too  conservative  a  view.  Asphalt  is  now  in  use  upon  grades  in  differ- 
ent cities,  as  follows:  New  York  City,  6%;  Omaha,  Neb.,  7%  to  8%; 
Brooklyn,  N.  Y.,  4:i%;  Syracuse,  N.  Y.,  7  per  cent. 

The  objection  to  steep  grades  is,  of  course,  the  liability  of  horses 
to  slip.  Contrary  to  the  general  belief,  asphalt  itself  is  not  slip- 
pery. It  is  smooth,  and  any  soft  substance  upon  a  smooth  surface 
makes  it  slippery,  but  on  steep  grades  foreign  matter  is  less  liable  to 
collect  than  on  light  ones.  The  remedy,  then,  is  to  keep  the  pavement 
clean.     It  is  a  fact  known  by  all  teamsters  that  it  is  harder  for  a  horse 
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to  travel  on  a  smooth  iDavement  wlien  it  first  begins  to  rain  tlian  after 
a  heavy  shower  when  the  surface  has  been  washed  clean.  In  view  of 
the  exi^erience  of  the  past  few  years  and  the  fact  that  all  pavements 
are  kept  much  cleaner  than  in  former  times,  the  conclusion  is  reached 
that  grades  of  less  than  5%  need  not  be  questioned  when  considering 
the  advisability  of  laying  a  smooth  pavement,  and  in  extreme  cases 
those  as  high  as  6%  are  permissible. 

The  question  of  crown  or  convexity  is  pertinent  here.  Streets  are 
paved  for  use,  not  for  looks,  and  the  cross-section  that  accommodates 
travel  the  best  and  will  carry  all  water  falling  upon  it  to  the  gutters 
is  the  one  that  should  be  ado^jted.  Some  engineers  have  a  for- 
mula for  this,  based  upon  the  grade  of  the  street  and  width  of  road- 
way. Theoretically  this  is  correct,  but  in  practice  it  is  better  to 
establish  a  minimum  crown  and  vary  from  it  only  when  it  is  absolutely 
necessary  to  prevent  water  from  standing  on  the  surface.  For  a  road- 
way 30  or  34  ft.  in  width,  the  following  cross-section  will  give  satisfac- 
tion at  minimum  grades:  Depth  of  gutter  5  ins.,  center  of  street  1  in. 
below  level  of  curbs,  the  cross-section  of  the  street  being  an  arc  of  a 
circle.  This  gives  the  center  half  of  the  roadway  a  fall  to  the 
sides  of  1  in.  in  7^  or  8^  ft.  as  the  case  may  be.  This  is  practically 
level  as  far  as  travel  is  concerned,  and  for  drainage  purposes  is  about 
1%,  which  is  ample.  On  an  asphalt  street  with  level  curbs  the  gutters 
need  never  be  more  than  6  ins.  deep  unless  the  width  be  extreme,  and 
the  crown  of  the  pavement  preferably  not  higher  than  the  curbs,  so 
that  for  widths  of  50  or  60  ft.  between  curbs,  the  crown  should  not  be 
more  than  6  ins. 

It  often  happens  that  in  repaving  old  streets,  one  curb  is  found  at 
a  considerably  higher  elevation  than  the  other.  The  j^ractice  then  is 
to  make  the  gutter  on  the  high  side  of  maximum  depth,  and  that  on 
the  lower  side  of  the  minimum,  thereby  reducing  the  diflference  in  the 
elevation  as  much  as  possible.  If  the  elevation  of  the  pavement  at  the 
quarter  instead  of  the  center  be  made  the  highest  j)art  of  the  roadway, 
the  most  accejitable  cross-section  is  obtained.  Some  engineers  in  such 
cases  advocate  laying  the  pavement  with  a  plane  surface  from  gutter  to 
gutter.  By  this  method  the  side  slojie  is  minimized,  but  the  water  is 
all  thrown  into  one  gutter,  and  it  is  almost  impossible  to  have  work 
carried  out  so  perfectly  that  settlements  will  not  show  in  pavements 
so  laid,  holding  water  after  every  rain. 
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Character  of  Asphalt. — To  make  a  first-class  pavement  the  asphalt 
should  be  a  good  material,  properly  mixed  and  well  laid  upon  a  good 
foundation.  Whether  an  asphalt  will  or  will  not  make  a  good  pave- 
ment can  only  be  told  by  trying.  A  chemist  can  analyze  an  asphalt, 
tell  what  are  its  component  parts,  and  give  his  idea  as  to  what  it 
ought  to  do,  but  the  author  doubts  if  any  one  would  be  willing  to 
give  a  definite  opinion  as  to  its  action  in  a  pavement  simply  from  a 
laboratory  analysis.  Stevenson  Towle,  M.  Am.  Soc.  C.  E.,  in  speak- 
ing of  the  partial  failure  of  the  Eighth  Avenue  pavement  in  New  York 
City,  said:* 

"This  asphalt  was  submitted  to  and  approved  by  experts  and 
chemists  before  the  contract  was  entered  into.  Soon  after  the  pave- 
ment was  laid  and  before  its  comi^letion  (it  has  nev^er  been  accepted), 
it  showed  unmistakable  evidences  of  disintegration.  This  failure  was 
exceptional  and  the  experts  and  chemists  who  had  approved  of  the 
asphalt  could  not  account  for  it.  My  own  belief  was  that  the  asphalt 
was  inferior  or  lacking  in  some  essential  property  unknown  to 
chemists." 

Personally  the  author  would  hesitate  before  giving  a  final  judg- 
ment on  a  pavement  that  had  not  passed  through  at  least  two  winters. 
An  analysis  of  the  refined  asphalt  is  required  to  ascertain  the  quantity 
and  quality  of  the  bitumen  contained.  Then,  by  former  experience 
with  other  similar  asphalts,  and  many  experiments,  the  quantity  of 
flux  is  determined,  taking  into  consideration  the  climate  and  amount 
of  traffic. 

In  this  connection,  Trinidad  asphalt  is  generally  taken  as  a  stand- 
ard, not  because  it  is  the  best,  but  because  it  is  known  that  it  will 
make  a  good  pavement.  Any  refijied  asphalt  that  contains  from  at 
least  50%  to  60%  of  bitumen  which  is  composed  of  approximately  75% 
petrolene  and  25%"  asphaltene,  is  deserving  of  careful  investigation 
and  experiment. 

Foundation. — The  foundation  is  the  important  part  of  an  asphalt 
pavement.  The  surface  coat  is  only  the  carpet;  the  base  must  be  the 
floor  that  sustains  the  load.  No  matter  how  good  the  top  may  be,  a 
failure  in  the  base  means  immediate  failure  in  the  pavement.  Proba- 
bly the  best  foundation  and  that  most  generally  in  use  is  made  of 
hydraulic  cement  concrete.  Its  thickness  varies  with  the  traffic,  but 
should  never  be  less  than  6  ins.     Some  seven  or  eight  years  ago,  the 

*  See  his  Report  to  the  Commissioner  of  Public  Works  of  New  York  City,  January 
5th,  1895. 
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asphalt  companies,  wishing  to  reduce  the  cost  of  their  jjavements 
wherever  practicable,  experimented  with  a  broken  stone  base.  This 
stone  was  of  the  ordinary  size  for  concrete,  and,  after  being  spread 
upon  the  prepared  roadbed,  was  thoroughly  comjjacted  with  a  steam 
roller.  Upon  the  broken  stone  was  then  sprinkled  hot  coal-tar,  in 
quantity  about  1  gall,  per  yard,  followed  by  the  binder  course.  This 
considerably  reduced  the  cost  of  the  work,  but  as  the  solidity  of  the 
pavement  depended  directly  upon  the  ground  beneath,  its  use  was  soon 
discontinued.  In  rejiaving  streets,  however,  it  is  often  well  and  desir- 
able to  retain  the  old  material  as  a  base.  This  has  been  very  generally 
done,  and  with  good  results,  on  granite  or  other  stone  streets.  A  few 
cases  where  asphalt  was  laid  over  old  Nicholson  pavements  resulted 
disastrously,  as  might  have  been  expected.  One  objection  to  using  the 
old  stone  base  is  that  the  cross-section  of  the  street  often  needs  to  be 
remodeled,  involving  the  relaying  of  a  large  amount  of  the  stone.  This 
requires  great  care  to  avoid  future  settlements.  On  cobble  streets 
chuck  holes  and  other  irregularities  often  exist,  too  large  to  be  filled 
economically  with  binder.  In  such  cases  the  street  can  be  brought 
to  the  proper  cross-section  with  broken  stone  thoroughly  rolled, 
the  old  cobble  still  being  the  real  foundation. 

Asphaltic  Cement. — The  first  step  in  the  actual  mixing  is  the  prepara- 
tion of  the  asphaltic  cement.  A  portion  of  refined  asphalt  is  carefully 
weighed  and  deposited  in  an  iron  tank  and  melted.  After  it  has 
attained  a  temperature  of  about  300°  Fahr.,  the  flux  is  added.  If  this 
be  petroleum  residuum,  it  is  added  in  the  proportion  of  from  16  to  20 
lbs.  for  each  100  lbs.  of  asphalt,  according  to  the  consistency  desired. 
The  temperature  is  then  maintained  for  about  ten  hours,  the  whole 
mass  being  kept  constantly  in  agitation  by  means  of  an  air  blast  to 
ensure  a  thorough  mixing.  The  quantity  of  the  oil  will  vary  a  little 
according  to  its  quality,  as  well  as  that  of  the  asphalt  itself. 

An  ingenious  machine  has  been  invented  for  testing  mechanically 
the  asphaltic  cement.  This  apparatus  consists  of  an  arm  some  17  ins. 
long,  supported  at  one  end  and  provided  at  the  other  end  with  a  cam- 
bric needle  above  which  is  placed  a  weight  of  100  grams.  The  needle 
end  is  connected  by  a  rod  and  cord  with  a  large  hand  that  moves  around 
a  dial  divided  into  360°.  By  a  spring  attachment  the  needle  is  brought 
into  contact  with  the  asphaltic  cement  for  any  desired  time,  and  the 
amount  of  jienetration  marked  in  degrees  on  the  dial. 
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For  comparative  tests  it  is  of  course  important  that  all  samples  be 
used  at  the  same  temperature.  This  can  most  easOy  be  accomplished  by 
placing  the  cement  in  water  when  ready  for  the  test  and  keeping  it  at 
the  required  temj^erature,  generally  from  75-  to  80^  Fahr.  The  author 
knows  of  no  place  where  this  machine  is  extensively  used  except  in 
Washington.  The  rej)ort  of  the  Engineer  Commissioner  for  the  year 
ending  June  30th,  1895,  gives  the  average  penetration  of  the  product 
of  three  companies  at  77^  Fahr.  as  69,  73  and  85.  In  the  following 
year  the  average  of  the  cement  furnished  by  one  of  the  above  companies 
was  75. 

The  residuum  oil  should  have  a  specific  gravity  of  about  20^ 
Beaume,  a  flash  point  of  300°  Fahr.,  and  should  distil  not  more  than 
9%  or  10%  in  ten  hours  at  a  temperature  of  400^  Fahr. 

If  maltha  or  some  other  flux  be  used,  it  should  be  treated  jjracti- 
cally  as  above,  modified  according  to  the  proj)erties  of  the  particular 
material. 

Wearing  Surface. — Asphalt  pavement  was  first  laid  in  two  layers,  a 
cushion  coat  of  i  in.,  and  a  wearing  surface  2  ins.  in  thickness. 
After  some  experience  it  was  seen  that  the  upper  surface  sometimes 
slipped  on  the  lower,  or  the  whole  slipi^ed  on  the  concrete,  thus  form- 
ing a  wavy  and  uneven  surface.  To  counteract  this,  there  was  laid 
instead  of  the  cushion  coat,  the  so-called  binder.  This  consisted  of 
clean  broken  stone,  cemented  together  with  coal-tar,  but  later,  on  ac- 
count of  the  variableness  of  the  tar,  asphaltic  cement  was  substituted 
as  a  cementing  material.  The  thickness  of  this  binder  is  1  or  li  ins. 
As  its  object  is  simply  to  connect  the  wealing  surface  with  the  con- 
crete, there  apjjears  to  be  no  good  reason  for  making  it  more  than  1  in. 
Where  binder  is  used,  the  wearing  surface  is  1^  or  2  ins.  thick  according 
to  the  traffic,  the  general  practice  being  where  the  binder  is  1  in.  to 
make  the  wearing  surface  2  ins.,  so  as  to  have  the  pavement  ia  no  case 
less  than  3  ins.  thick. 

The  stone  for  the  binder  should  be  thoroughly  clean,  and  vary  in 
size  from  ^  in.  in  its  smallest  to  1  in.  in  its  largest  dimensions.  It 
should  be  heated  to  a  temperature  of  about  300-  Fahr.,  the  asphaltic 
cement  added  in  the  projiortion  of  about  20  galls,  of  cement  to  a  cubic 
yard  of  stone  and  the  whole  mass  mixed  till  each  jnece  of  stone  is  com- 
pletely coated.  It  is  then  carted  to  the  street  and  spread  upon  the 
concrete  so  as  to  give  the  requii-ed  depth  when  rolled.     It  is  neither 
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intended  nor  desired  to  fill  all  the  voids  in  the  stone,  and  care  must  be 
exercised  to  use  no  more  cement  than  is  necessary  to  bind  the  stone 
together.  Should  there  be  an  excess,  it  will  rise  in  warm  weather  and 
soften  the  wearing  surface,  and  cause  a  failure.  Such  a  case  as  this 
came  under  the  author's  observation,  and  an  analysis  of  the  asphalt 
showed  an  excess  of  50%  of  bitumen.  The  mixture  for  the  wearing 
sui-face  consists  of  sand,  asphaltic  cement  and  pulverized  limestone. 
The  exact  proj)ortions  vary  according  to  conditions,  but  in  the  vicinity 
of  New  York  are  approximately:  sand,  710  lbs. ;  asphaltic  cement,  110 
lbs. ;  pulverized  limestone,  60  lbs.  These  proportions  will  vary  accord- 
ing to  the  character  of  the  sand  and  amount  of  bitumen  in  the  asphaltic 
cement,  but  they  should  produce  from  9%  to  11. 5%"  of  bitumen  in  the 
finished  pavement. 

In  this  mixture  it  is  very  necessary  that  all  voids  should  be  filled, 
and  the  amount  of  stone  dust  depends  upon  the  coarseness  of  the  sand. 
The  use  of  the  limestone  dust  as  a  filler  has  a  tendency  to  make  the 
surface  hard  and  slij^pery.  At  first  it  was  thought  that  the  carbonate 
of  lime  had  a  chemical  efifect  on  the  bitumen,  but  that  idea  is  about 
given  uj),  and  the  author  believes  that  if  there  were  used  in  its  place 
an  impalpable  powder  made  of  the  silicious  gravel  found  on  Long 
Island,  the  pavements  would  be  improved. 

The  sand  is  heated  in  a  special  apparatus  to  a  temperature  of  about 
400°  Fahr.  and  elevated  to  the  mixing  platform.  It  is  necessary  that 
this  temperature  should  be  uniform,  as  an  extreme  heat  in  even  a  few 
hundred  pounds  might  burn  and  destroy  quite  a  quantity  of  asphaltic 
cement,  and  defects  would  soon  develop  in  the  pavement.  While  the 
wearing  surface  is  being  laid  upon  the  streets,  several  tanks  are  kept 
full  of  the  cement  at  a  temioerature  of  about  300^  Fahr.  The  projjor- 
tions  having  been  determined,  the  sand,  asphaltic  cement  and  stone 
dust  are  thoroughly  mixed  in  a  pug  mill  for  1^7  minutes,  when  the 
mixture  is  dumped  into  carts  below.  It  should  be  delivered  on  the 
street  at  a  temperature  of  from  250^  to  275^  Fahr.,  and  experience  has 
shown  that  when  covered  with  canvas  it  will  not  lose  more  than  10^ 
or  15^  of  heat  for  ordinary  distances  and  temperatures.  After  being 
dumped  on  the  binder,  it  is  raked  smooth  and  even,  so  as  to  give 
the  required  thickness  after  having  received  a  compression  of  40  per 
cent.  This  depth  can  be  regulated  by  a  good  foreman  with  ex- 
perienced rakers.     The  first  compression  should  be  api^lied  with  iron 
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rollers  worked  by  hand.  Hydraulic  cement  is  then  lightly  scattered  over 
the  surface,  when  it  should  be  rolled  with  a  steam  roller  of  4  or  5  tons, 
followed  in  a  short  time  by  a  third,  weighing  from  250  to  300  lbs. 
per  inch  of  width.  The  object  of  the  different  rollers  is  to  ajsply  the 
weight  gradually  so  as  to  have  the  whole  compression  vertical,  rather 
than  with  a  push,  which  might  occur  if  too  heavy  a  weight  were  ap- 
plied before  the  material  had  received  a  partial  compression,  thus 
giving  a  wavy  surface.  The  rolling  should  continue  as  long  as  any 
compression  takes  place,  and  approximately  about  five  hours  for  each 
1  000  yds.  of  completed  j)avement. 

Too  much  attention  cannot  be  given  to  the  rolling,  for  upon  this 
dei^ends  the  success  of  the  whole  work.  Unless  thoroughly  com- 
pressed, the  material  will  have  very  little  cohesive  strength.  The 
necessity  of  this  was  once  impressed  upon  the  author  when  a  street 
was  paved  late  iu  the  season;  and  soon  after  its  comi^letion,  the  mer- 
cury fell  considerably  below  the  freezing  point.  This  street  was  one 
of  some  thirty  contracts  that  had  been  completed  by  the  same  con- 
tractor with  the  same  material,  all  of  which  had  given  perfect  satisfac- 
tion. In  a  few  days  the  surface  of  the  pavement  began  to  pick  VLp 
under  travel  and  the  contractor  voluntarily  relaid  a  portion  of  it.  For 
a  time  it  looked  as  if  the  entire  block  must  be  taken  up,  but 
the  weather  suddenly  grew  warmer,  softening  the  material  so  that  it 
■would  compress  under  travel,  and  in  a  few  days  the  street  was  perfectly 
smooth  and  has  remained  so  ever  since.  Had  the  weather  remained 
mild  for  a  few  weeks  after  the  work  was  completed,  no  trouble  would 
have  ensued.  The  rolling  should  be  begun  as  soon  as  the  material 
is  leveled  off,  and  continued  to  completion.  Whenever  the  width 
will  allow  it,  the  rollers  should  be  worked  across  the  street,  and  on 
lesser  widths  diagonally  from  side  to  side  so  as  to  remove  any  slight 
irregularities  of  surface  that  might  be  produced  by  a  continuous  roll- 
ing in  one  direction.  It  is  always  difficult  to  get  perfect  compression 
along  the  curb.  Consequently  it  is  customary  to  paint  the  gutter  for 
a  width  of  about  1  ft.  with  asphaltic  cement,  so  as  to  fill  completely 
any  pores  that  might  be  left  open  by  lack  of  compression.  This 
cement  should  be  applied  before  the  pavement  has  become  cool,  and 
well  ironed  with  irons  sj^ecially  made  and  heated  for  the  purpose. 

Roc/c  Asphalt. — Rock  asphalt  is  taken  from  the  mines  and  shipped 
to  this  country  in  its  natural  state.     After  being  mixed  in  the  proper- 
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tions  determinetl  upon,  it  is  first  crushed  with  rollers  and  then  reduced 
to  a  fine  powder  by  being  passed  through  disintegrators,  after  which 
it  is  sifted  through  sieves  to  sejiarate  any  lumps  that  might  otherwise 
get  into  the  pavement.  This  powder  is  then  heated  in  a  cylinder, 
which  is  kept  constantly  in  motion  to  allow  the  air  to  circulate  freely 
among  the  j^articles,  and  kejit  for  about  two  hours  at  a  temperature  of 
300^  or  325°  Fahr.  The  material  is  then  carried  in  carts  to  the  street 
and  spread  upon  the  prepared  base  to  a  depth  that  will  give  the  re- 
quired thickness  when  thoroughly  com^jacted.  A  light  roller  is  then 
run  over  the  surface  to  give  the  initial  compression,  when  workmen, 
each  "ndth  a  round  iron  rammer  6  or  7  ins.  in  diameter,  carefully  go 
over  the  portion  of  the  street  covered,  all  striking  blows  in  unison 
on  the  asphalt  until  it  is  well  compacted.  A  thin  coating  of  hydraulic 
cement  is  sjiread  over  the  surface  when  it  is  ready  for  the  final  rolling, 
which  is  done  by  steam  and  preferably  with  an  arrangement  inside  the 
roller  for  keeping  it  hot.  About  twelve  hours  after  the  rolling  is  com- 
pleted and  the  material  has  become  cold,  the  street  can  be  thrown 
ojien  to  travel,  which  continually  adds  to  the  compression  already 
given. 

Asphalt  Block. — A  form  of  asphalt  pavement  different  from  those 
just  described  is  that  composed  of  asj^halt  blocks.  Pavement  of  this 
kind  was  first  laid  in  San  Francisco  in  1869.  The  results  were  not 
good,  but  the  promoters  were  sufficiently  encouraged  to  continue  the 
experiment  with  improved  appliances  until  its  success  was  assured. 
The  blocks  are  generally  4  x  5  x  12  ins. ,  but  are  sometimes  made  but  4 
ins.  deei3  where  the  travel  is  light  or  the  foundation  particularly  good. 
They  are  made  by  mixing  broken  stone  with  asphaltic  cement  and  sub- 
jecting the  whole  to  a  heavy  pressure.  Limestone  has  been  used;  trap 
rock  is  preferable,  where  it  can  be  obtained,  as  it  stands  the  action  of 
the  weather  and  traffic  much  better.  The  stone  is  crushed  to  a  proper 
size,  and  after  being  screened  is  heated  to  a  temperature  of  from  300^' 
to  350°  Fahr.,  when  the  asphaltic  cement  and  a  little  pulverized  lime- 
stone are  added  and  the  whole  thoroughly  mixed.  The  mixture  is 
then  placed  in  molds  and  a  pressure  of  3  000  lbs.  per  square  inch  ap- 
plied until  the  mass  is  thoroiighly  compacted,  when  it  is  at  once  cooled 
under  water  and  is  ready  for  use.  The  proportions  generally  used 
are  77%  broken  stone,  Vd%  asphaltic  cement,  and  10%  pulverized 
limestone,  the  amoimt  of  the  last  varying  with  the  size  of  the  stone. 
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It  is  claimed  by  the  advocates  of  this  pavement  that  the  blocks,  being 
made  separately,  each  one  receiving  a  regular  and  uniform  pressure, 
will  give  better  results  on  the  street  than  sheet  asphalt.  They  also 
claim  that,  on  account  of  the  size  of  the  blocks,  a  concrete  base  is  not 
necessary,  but  one  made  of  broken  stone  or  gravel  thoroughly  com- 
pacted with  a  steam  roller  is  sufficient,  or  if  concrete  be  used  the 
depth  of  the  concrete  can  be  reduced.  When  the  foundation  is  pre- 
jjared,  the  blocks  are  laid  upon  it  practically  as  stone  blocks  are,  care 
being  taken  to  make  close  and  straight  joints  across  the  street.  This 
form  of  pavement  has  been  laid  in  many  eastern  cities,  but  in  and 
around  New  York  does  not  seem  to  be  able  to  compete  successfully 
with  sheet  asphalt. 

Cost  and  Maintenance. — When  it  is  considered  under  what  conditions 
and  for  what  length  of  time  asphalt  pavements  have  been  laid,  it  is 
not  strange  that  reliable  data  as  to  first  cost,  as  well  as  to  repairs, 
are  not  at  hand.  Asphalt  has  almost  always  been  laid  with  a  guaranty 
to  keep  it  in  good  repair  for  a  period  varying  from  five  to  fifteen 
years.  The  price  bid  has,  of  course,  included  the  cost  of  maintenance 
for  the  guaranteed  time.  Throughout  the  West,  when  this  pavement 
was  first  laid,  it  cost  for  years  $2.95  per  square  yard  on  6  ins.  of  con- 
crete. The  introduction  of  new  asphalts,  together  with  comiJetition, 
has  somewhat  reduced  this  price,  so  that  contracts  have  been  made  in 
Omaha  for  asphalt  pavement  on  a  4^-in.  concrete  base  for  $2.07  per 
square  yard,  with  a  five-year  guaranty,  and  in  St.  Paul  for  $2.53  and 
in  Minneapolis  for  $2.43  per  square  yard,  both  of  these  being  on  6 
ins.  of  concrete,  with  a  ten-year  guaranty.  Brooklyn  has  let  several 
contracts  for  $1.58  per  square  yard  on  a  6-in.  concrete  base,  with  a 
five-year  guaranty,  while  the  Fifth  Avenue  pavement  in  New  York  will 
cost  $4.60,  with  a  guaranty  period  of  fifteen  years.  Taking  all  con- 
ditions into  consideration,  these  last  two  prices  are  probably  as  low  as 
any  paid  in  this  country. 

Different  cities  have  different  methods  of  making  their  repairs. 
When  the  guaranty  periods  began  to  expire  in  Omaha,  in  1888  and 
1889,  the  Barber  Asphalt  Paving  Company  entered  into  contract  with 
the  city  to  keej)  all  their  jjavements  in  good  condition  for  a  further 
period  of  ten  years  for  8  cents  per  yard  per  year,  making  the  entii-e 
cost  for  fifteen  years  $3. 75.  Since  then,  however,  contracts  have  been 
entered  into  for  a  specified  price  per  yard  of  material  actually  laid. 


^rs  main- 
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7 

Cost  per  yard 
per  year. 
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8 

0.028 
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0.0122 

10 

0.025 

11 

0.0353 

TILLSON  OJSr  ASPHALT  AND  ASPHALT  PAVEMENTS.  233 

In  Buflfalo  the  latter  method  is  adopted,  the  contractor  agreeing  to 
keep  each  patch  in  repair  for  a  term  of  years.  This  necessitates  the 
exact  location  of  each  patch  as  it  is  made,  and  in  a  few  years  the 
patches  overlap  each  other,  involving  a  large  amount  of  work  in  keeji- 
ing  Tip  the  record. 

In  "Washington  it  has  been  the  practice  to  pay  a  specified  price  i^er 
cubic  yard  for  all  material  used.  This  j^lan  requires  inspectors  thor- 
oughly conversant  with  their  business,  so  that  defects  in  material  or 
workmanship  can  be  readily  detected. 

In  Buifalo,  where  the  cost  of  repairs  has  been  kept  with  a  great 
deal  of  care,  the  expense  has  been  as  follows: 

Years  main-  Cost  per  yard 

tained.  per  year. 

1 S0.017 

2 0.0305 

3 0.038 

4 0.0917 

5 0.0678 

6 0.0463       i 

The  average  for  the  above  is  ^0. 055  per  square  yard  jier  year. 

In  Washington  the  resurfacing  and  repairs  from  1879  to  1895  cost 
SO.  077  per  yard  per  year.  During  this  time  676  390  sq.  yds.  were 
entirely  relaid,  at  an  average  cost  of  §1.51  per  yard.  Deducting  this 
cost  from  the  above,  the  expense  of  actual  repairs  was  ^0.023  per  yard 
per  year.  During  the  last  two  years  a  device  has  been  used  which  has 
considerably  decreased  the  actual  cost  of  repairing  asphalt.  This 
consists  of  an  apparatus  by  which  a  concentrated  gasoline  flame  is 
thrown  upon  the  pavement,  heating  it  to  such  a  degree  that  all  the 
dead  and  inert  material  can  be  easily  scraped  off  and  the  surface 
roughened  with  toothed  hoes,  so  that  the  new  material  can  be  laid 
and  compressed  to  give  a  good  bond  with  that  already  on  the  street. 
By  means  of  this  machine,  repairs  can  be  made  much  more  rapidly 
and  neatly. 

The  question  of  repairs  and  how  they  should  be  made  is  one  of 
great  importance.  It  seems  to  the  aiithor  that  the  method  which  will 
give  the  best  satisfaction  is  to  award  a  contract  to  responsible  parties 
to  keep  a  certain  number  of  streets,  or  all  in  any  city  if  the  yardage 
be  not  too  great,  in  repair  for  a  term  of  five  years  for  a  specified  j)rice 
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per  yard  per  year,  including  all  streets  of  which  the  guaranty  expires 
during  the  contract  period.  Provision  should  be  made,  of  course,  to 
reserve  enough  money  till  final  payment  to  ensure  the  carrying  out  of 
the  contract.  By  this  plan  it  would  be  for  the  contractor's  interest 
to  keep  the  streets  in  good  condition  at  all  times,  as  that  old  proverb, 
"  a  stitch  in  time  saves  nine,"  can  never  be  applied  with  more  force 
than  to  the  repair's  of  an  asphalt  pavement. 

The  life  of  the  pavement  varies  much  with  conditions.  Some  re- 
quire entire  resurfacing  inside  of  the  first  five  years,  others  are  reported 
to  have  lasted  ten  or  twelve  years  with  merely  nominal  repairs.  In  the 
light  of  present  experience  it  would  seem  that  asjDhalt  on  a  street  of 
ordinary  traffic  under  normal  conditions  ought  to  last  from  twelve  to 
fifteen  years  before  requiring  relaying,  and  should  not  cost  more  than 
6  cents  per  yard  per  year  for  maintenance  after  a  five-year  guaranty 
period. 

This  industry,  which  was  just  being  thought  of  in  1870,  and  was 
still  in  its  infancy  in  1880,  has  now  assumed  vast  proportions.  On 
January  1st,  1897,  there  was  laid  in  this  country,  as  nearly  as  could  be 
ascertained,  27  468  915  sq.  yds.  of  asphalt  pavement,  divided  as  follows: 
Trinidad  asphalt,  21  527  415  sq.  yds. ;  Bermudez  asphalt,  697  500  sq. 
yds. ;  Alcatraz  (California)  asphalt,  916  000  sq.  yds. ;  Standard  (Cali- 
fornia) asphalt,  200  000  sq.  yds. ;  foreign  rock  asphalt,  603  000  sq. 
yds.;  Utah  rock  asj^halt,  293  000  sq.  yds. ;  other  asphalt  in  the  Pacific 
Coast  States  (estimated),  1  032  000  sq.  yds. ;  asphalt  block,  2  200  000 
sq.  yds. 

Of  this  amount  Buffalo  contains  more  than  any  other  American 
city,  having  at  the  present  time  3  663  402  sq.  yds.  Washington,  D.  C. , 
comes  next  with  2  554  262  sq.  yds.  on  June  30th,  1896;  this  amount 
includes  477  416  sq.  yds.  of  coal-tar  and  concrete  pavement  not  con- 
sidered in  the  above  grand  total,  but  excludes  170  229  sq.  yds.  laid  in 
the  suburbs. 

Axplialt  in  Europe. — The  principal  cities  in  Eurojje  having  asphalt 
pavements  are  London,  Paris,  Berlin  and  Vienna.  These  are  all  laid 
with  the  rock  asjjhalts  heretofore  spoken  of,  being  called  in  France 
asphalts  comprime,  and  in  Germany  Stamp/- Asphaltum. 

The  amounts  in  these  cities  are  as  follows :  London  proper,  208  000 
sq.  yds. ;  Paris,  403  000  sq.  yds. ;  Berlin,  1  600  000  sq.  yds. ;  Vienna, 
93  000  sq.  yds. 
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The  original  cost  per  square  yard  on  a  concrete  base  6  to  8  ins. 
tliick  was  $3.25  in  London,  §3.60  in  Paris,  S2.77  in  Berlin,  and  .S3  in 
Vienna. 

The  cost  of  repairs  per  square  yard  per  annum  was  6  to  44  cents  in 
London,  47|  cents  in  Paris,  and  10  cents  in  Berlin,  for  a  period  of  fifteen 
years  after  the  guaranty  expired.  On  railroad  streets  15  cents  for 
space  between  tracks  and  for  a  distance  of  27|^ins.  (70  cms.)  outside. 

In  considering  the  cost  of  maintenance  of  European  asphalt  pave- 
ments, the  large  amount  of  traffic  they  sustain  must  be  taken  into 
account.  A  report  of  the  Chief  Engineer  of  Paris  gives  this  traffic  as 
follows,  the  figures  being  the  number  of  vehicles  j)assing  in  twenty- 
four  hours: 

Pakis. 

RuedeRivoli 42  035        RueAuber 14  082 

Rue  Croix  des  Petits  Champs.  20  480       Avenue  de  la  Grande  Armee.     8  149 
RueSt.  Honore 19  673 

London. 

King  William  Street 26  793        Holborn  Viaduct 12  158 

Graceehurch  Street 15  585        Newgate  Street 13128 

Queen  Victoria  Street 16  531        Moorgate  Street 1 1  398 

Cheapside 15  206       Cornhill 9  572 

Aldgate 14  200 
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DISC  USSION. 


Mr.  North.  Edwakd  P.  NoKTH,  M.  Am.  Soc.  C.  E. — It  seems  very  desirable  that 
the  i)ossibilities  wliicli  are  presented  by  an  admixture  of  tlie 
Kentucky  bituminous  sandstone  with  the  ordinary  rock  asjjhalts  of 
Europe  should  be  more  thoroughly  investigated  than  they  have  been. 
On  Sixty-fourth  Street,  in  New  York  City,  for  100  ft.  west  of  Madison 
Aveniie,  the  pavement,  which  was  laid  in  1891,  is  a  mixture  of  60% 
Sicilian  rock  asphalt  and  40%  Kentucky  bituminous  sandstone.  The 
same  mixture  was  laid  at  substantially  the  same  time  on  Sixteenth 
Street,  directly  in  front  of  the  main  building  of  the  Willard  Parker 
Hospital  for  a  distance  of  about  100  ft.  Both  these  jjieces  have  worn 
satisfactorily.  They  were  laid  as  a  jiowder  and  compressed  as  if  they 
had  been  pure  rock  asphalt. 

Some  of  the  European  asphalts,  like  the  Limmer  and  Vorwohle, 
and  some  of  the  material  mined  by  the  Seyssel  company,  contain  so 
little  bitumen  that  it  is  impossible  to  make  a  compressed  asphalt 
pavement  with  them,  although  by  the  addition  of  more  bitumen  they 
make  a  very  good  mastic. 

The  Kentucky  bituminous  sandstone,  which  seems  too  friable  to 
withstand  heavy  traflSc,  and  this  applies  to  all  mixtures  of  sand  and 
bitumen  known  to  the  speaker,  has  in  the  two  cases  mentioned,  and 
also  in  other  cases  in  western  cities,  supplied  the  missing  bitumen 
without  injuring  the  wearing  properties  of  the  rock  asphalt  when  com- 
pressed. It  seems  jjossible  that  the  Kentucky  rock  asphalt  might  also 
replace  the  sand  and  some  of  the  bitumen  composing  the  sheet  asphalt 
ordinarily  laid  in  the  United  States,  bxit  the  sjieaker  has  no  knowledge 
of  any  case  in  which  this  has  been  tried. 
Mr.  Lesley.  R-  W.  LESLEY,  Assoc.  Am.  Soc.  C.  E. — The  figures  in  the  paper  as  to 
the  number  of  yards  of  asjihalt  in  this  country,  some  27  500  000  sq.  yds. , 
represent,  in  cubic  contents,  only  about  one-third  of  the  volume  of 
concrete  which  underlies  the  asphalt,  and  the  author  has  well  said  that 
the  asjDhalt  is  the  carpet  on  the  floor  of  concrete.  It  has  been  found 
in  all  asphalt  pavements  that  the  concrete  base  is  fully  as  important 
as  the  asphalt  coat  on  top,  for  the  carj^et  on  the  floor  is  of  little  im- 
portance unless  the  floor  be  solid. 

In  Bufi^alo,  N.  Y.,  where  a  large  amount  of  these  pavements  has 
been  laid,  much  of  it  was  placed  over  concrete  which  subsequently  ex- 
panded. The  result  was  that  the  asphalt  broke  at  the  crown  of  the 
street,  and  the  sections  were  forced  to  overlap.  In  Philadelphia,  an 
asjDhalt  pavement  was  once  put  down  on  a  street  soon  after  a  sewer  had 
been  bixilt  through  it.  The  sewer  was  on  bad  ground,  and  settled. 
Subsequent  investigation  showed  that  for  some  time  the  traffic  on  this 
part  of  the  street,  an  important  one,  was  carried  entirely  by  the  arch 
of  6  ins.  of  concrete  and  2  ins.  of  asphalt. 
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The  effect  of  freezing  on  concrete  foundations  of  pavements  was  in-  Mr.  Lesley, 
vestigated  carefully  a  number  of  years  ago  in  connection  with  work 
done  in  Washington  and  Philadelijhia.  Pavements  were  put  down  in 
winter,  and  a  short  time  afterwards  were  opened  for  some  reason,  when 
it  was  found  that  the  concrete  had  not  set,  but  simj^ly  frozen.  The 
asphalt  was  rejalaced,  and  in  the  following  fall,  when  it  was  removed 
for  another  examination  of  the  concrete,  it  Avas  found  that  the  concrete 
had  nearly  as  much  strength  as  if  it  had  set  in  the  regular  manner. 
The  explanation  is  that  the  water  in  the  concrete  was  frozen  almost 
as  soon  as  the  material  was  placed,  and  was  then  sealed  over  with  the 
layer  of  asphalt,  preventing  the  access  of  air  or  moisture.  When  the 
mass  was  thawed  out  in  the  spring,  the  water  was  freed  and  entered 
into  chemical  action  with  the  cement  to  form  silicates  and  aluminates 
of  lime  as  in  the  usual  course  of  setting. 

The  oil  in  the  Kentucky  asphalt,  to  which  reference  has  been  made, 
is  very  light  compared  with  that  in  the  Trinidad  and  Bermudez 
asphalts,  and  requires  admixture  with  heavier  oils  to  make  suitable 
paving  material.  As  there  is  a  large  field  of  this  asphalt  along  the 
Ohio  Eiver  near  Cloverport,  it  is  interesting  to'  learn  from  Mr.  North 
that  it  can  be  used  successfully  in  pavements  when  mixed  with  other 
ingredients. 

M.  E.  Evans,  Jun.  Am.  Soc.  C.  E. — The  unreliability  of  petrolene  Mr.  Evans, 
determinations  by  means  of  petroleum  ether  was  very  carefully  inves- 
tigated by  E.  G.  Love,  Ph.  D.,  chemist  for  the  Department  of  Public 
Works,  New  York  City,  with  the  result  that  he  does  not  credit  the 
values  obtained  by  this  method,  and  is  working  now  along  the  lines 
followed  by  Dr.  Endemann,  as  referred  to  in  the  jjaper. 

Some  authorities  require  a  definite  percentage  of  petrolene  as  es- 
sential to  success  with  asphalt.  The  following  approximate  figures, 
determined  by  the  customary  method,  would  seem  to  indicate  that 
considerable  variation  in  this  percentage  has  been  found  successful 
with  different  materials. 

Assuming  two  representative  American  asphalts,  Nos.  1  and  2,  and 
one  rock  asphalt.  No.  3,  each  one  making  a  successful  pavement, 
though  varying  considerably  in  the  percentage  of  petrolene,  and  as- 
suming the  values  of  No.  1  as  standard,  the  ratios-  of  Nos.  2  and  3 
relatively  to  No.  1  are  as  follows: 

No.  1.  No.  2.  No.  3. 

Petrolene  in  bitumen 100  77  133 

"mixture 100  107  123 

From  this  it  seems  that  the  rock  asphalt  has  an  excess  of  petrolene 
over  Nos.  1  and  2,  but  it  is  apparently  a  drier  mixture. 

Foundations. — In  New  York  most  of  the  asjjhalt  is  laid  on  the  regu- 
lated "  present  pavement."  The  old  stone  blocks  are  lifted,  the  sub- 
grade  regulated  parallel  to  and  10  ins.  below  the  finished  surface  of 
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Mr.  Evans,  the  sti'eet,  and  tlie  blocks  are  paved  back  again  similar  to  a  new  stone 
pavement,  the  joints  being  filled  with  sand  or  gritty  earth. 

Upon  this  foundation,  thoroughly  swej^t  and  cleaned,  the  asj)halt 
is  laid  in  the  usual  manner.  About  two-thirds  of  the  asphalt  pave- 
ments are  laid  on  this  foundation. 

It  is  common  to  find  the  street  immediately  preceding  the  con- 
struction of  the  i^avement  entirely  torn  up  by  gas  and  subway  compa- 
nies. If  rain  occurs  during  the  progress  of  the  work,  or  if  the 
openings  are  not  properly  refilled,  the  blocks  will  be  rendered  very 
unstable. 

Rolling  this  foundation  pavement  has  been  tried  with  indifferent 
success,  the  sub-grade  being  rolled  if  at  all  soft;  but  a  method  recently 
employed  promises  a  better  treatment  of  this  class  of  foundation.  The 
joints  are  well  filled  with  sand  or  gritty  earth  and  the  street  thrown 
open  to  traffic,  toothing  stones  and  headers  being  protected  by  earth- 
cushion  and  i^lanking. 

A  few  days  of  traffic  and  possibly  a  good  rain  serve  to  compact  this 
foundation  very  thoroughly.  The  joints  are  then  swept  out  sufficiently 
to  afford  an  anchorage  for  the  binder  and  the  j^avement  laid  as  usual. 
In  sweeping  out  the  joints  after  traffic,  considerable  difficulty  is  expe- 
rienced, as  the  filling  compacts  very  solidly.  The  customary  require- 
ment of  a  2-in.  joint  is  found  under  such  conditions  to  be  impracticable, 
and  a  joint  of  a  depth  equal  to  its  width  is  found  to  afford  an 
ample  anchorage,  while  it  is  possible  to  clean  with  a  scratching  tool 
and  stiff  broom.  This  joint  will  also  be  found  to  fill  completely  with 
binder,  which  is  not  true  of  a  pavement  jsaved  before  the  filling  has 
weathered. 

A  point  of  s^jecial  weakness  in  this  class  of  foundation  is  adjacent 
to  the  curb.  On  streets  where  light,  single  trucks  line  up  along  the 
curb  (called  for  convenience  "  standing  traffic  "),  the  wheel,  standing 
in  the  gutter,  exerts  a  small  but  continued  pressure,  tending  to  force 
the  binder  and  top  downward  between  the  curb  and  adjacent  stone 
block  where  the  jointing  has  seldom  been  very  thoroughly  done.  A 
slight  dejsression  will  cause  water  to  lodge  at  this  point  and  prove  an 
active  agent  in  the  decay  of  the  pavement.  Some  very  good  streets  in 
this  city  have  failed  from  this  cause. 

Of  asphalt  on  concrete  New  York  has  about  23  miles,  of  which  some 
is  12  ins.;  generally,  however,  the  thickness  is  6  ins.,  though  5  ins.  is 
now  being  used  under  some  of  the  asphalt  block  jjavements. 

Of  asphalt  on  macadam  some  10  miles  are  now  laid.  The  macadam 
surface  is  first  picked  up,  swept  and  the  surface  regulated  to  the 
proper  crown  with  broken  stone,  rolled,  and  slushed  with  tar,  enough 
being  used  to  render  the  mass  rigid,  but  none  in  excess. 

Compression. — Too  much  emphasis  cannot  be  given  to  the  value  of 
thorough  rolling  and  cross-rolling  in  the  construction  of  good  pave- 
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ments;  and  especially  to  the  necessity  for  thorougli  tamping  where  the  Mr.  Evans. 
roller  cannot  go,  as  in  the  pockets  of  the  track  toothing  stones.  Many 
of  the  companies  do  not  seem  to  have  realized  the  value  of  this  treat- 
ment until  recently. 

Successful  work  at  this  point  has  been  accomi^lished  by  tamping 
the  pockets  in  two  layers.  The  force  of  the  blow  of  the  tamper  is 
often  exi:)ended  on  the  stone,  in  fact  generally  so.  A  tamjaer  should 
be  specially  devised  for  this  work;  one  on  the  piinciple  of  the  nail 
puller  might  be  used;  a  tamjiing  foot  3i  ins.  square,  having  a  f-in.  rod 
through  its  center,  with  a  cylindrical  weight  or  hammer  3^  ins.  in  out- 
side diameter  and  8  ins.  deep,  with  a  l^-in.  pipe  through  the  center, 
sliding  on  the  rod. 

By  placing  the  foot  of  the  tamper  in  the  pocket,  the  blow  from  the 
hammer  can  be  directed  accurately  and  made  to  give  much  greater 
force.  If  toothing  stones  are  to  be  used,  the  ^sockets  should  receive 
the  greatest  possible  attention.  The  great  wear  of  these  blocks  is  un- 
doubtedly due  to  the  initial  jar  from  wheels  bouncing  from  the  long 
stones  over  the  pocket  where  the  asphalt  has  settled  below  the  level 
of  the  blocks. 

Defects  in  Pavements. — Some  of  the  causes  of  defects  in  asphalt 
pavements  are  due  to  the  following  causes : 

During  Construction. 

1.  Overheating  the  asphaltic  cement  itself,  or  by  mixing  with 
overheated  sand. 

2.  Failure  in  proportioning  the  dust  to  the  sand,  and  the  cement  to 
both. 

3.  Laying  too  cold. 

4.  Laying  on  green  concrete  or  a  damp  foundation. 

5.  Masses  of  tar  in  the  binder  course,  which  will  soften  the  pave- 
ment under  heat. 

6.  Lumps  of  rich  material  from  the  mixer  blade,  causing  a  lack  of 
homogeneity  in  the  surface. 

7.  Bad  foundation. 

8.  Poor  compression. 

During  Maintenance. 

1.  Standing  traffic. 

2.  Imperfect  drainage. 

A. — Causing  water  to  stand  in  the  gutters  (this  is  sometimes 
accomplished  by  piling  street  sweepings  against  the  curb). 

B. — Causing  water,  after  cold  rains,  to  stand  in  depressions 
or  on  flat  places,  where  heavy  traffic  tends  to  cause  scaling. 
New  York  City  pavements  suffered  quite  generally  from  this 
cause  last  winter. 
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Mr.  Evans.  The  advantage  of  a  three-center  curve  having  its  longer  radii  ad- 
jacent to  the  cui-b  for  the  transverse  section  of  the  street  finds  support 
in  the  above.  The  scaling  occurred  generally  on  the  crown  of  the 
street.  That  section  which  provides  the  sharj^est  curve  at  the  crown 
reduces  the  opportunity  for  water  to  lodge  at  that  point. 

The  rule  for  crowns  in  New  York  City  being  too'  of  the  street  for 
the  crown  and  t^tj  for  the  quarter,  the  elevation  of  the  crown  of  a  30- 
ft.  street   will  be  3k  ins.,  and  that  of  a  quarter  point  2\  ins. 

3.  Street  Openings. — From  the  report  of  the  general  inspector  of 
street  openings  of  New  York  for  1896,  it  seems  that  there  were  some 
59  000  openings  in  the  streets  requiring  repairs,  a  large  percentage  of 
which  were  on  the  asphalt  streets. 

4.  Fire  Burns. — During  the  year  1896,  8  654  sq.  yds.  of  asphalt 
pavements  were  destroyed  by  fires  and  bonfires,  costing  the  city  over 
$30  000.*  The  area  burned  for  the  preceding  years  was  as  follows: 
1894,  3  410  sq.  yds. ;  1895,  3  692  sq.  yds. 

5.  Escaising  Illuminating  Gas. — Escaping  gas  carries  a  solvent  to 
the  asphalt  which  softens  it.  Heavy  traffic  tends  to  shear  the  pave- 
ment by  rolling  the  soft  asphalt  under  the  tread  of  the  wheel;  the 
tensile  strength  being  weakened,  that  part  under  the  tread  shears 
from  the  adjacent  body  and  shows  in  irregular  cracks,  parallel  to  the 
traffic.  When  these  cracks  oijen,  the  water  soon  robs  the  surface  of 
the  crack  of  its  cementing  quality,  and  the  pavement  rapidly  goes  to 
pieces.  The  form  of  failure  is  that  termed  "macaroons  "  by  M.  Malo, 
a  failure  similar  to  that  observed  in  rock  asphalt  streets  laid  on  green 
concrete.  Chemical  analysis  fails  to  prove  the  presence  of  gas  or  its 
ingredients,  but  it  is  easily  detected  by  the  odor. 

6.  Steam. — The  steam-heating  companies  have  mains  which  prove  a 
menace.  The  heat  and  escai^ing  steam  softens  the  asphalt  similarly 
to  escaping  gas. 

7.  Oil  Drij)j)ing  from  Kerosene  Wagons  Softens  the  Asphalt. — In 
the  tenement  districts  the  oil  men  say  that  their  customers  will  not 
take  the  oil  unless  the  cans  are  filled  until  they  begin  to  run  over  at 
the  funnels. 

8.  Center-Bearing  and  Side-Bearing  Eails  and  Toothing  Stones. — 
Thepaperf  by  Edward  P.  North,  M.  Am.  Soc.  C.  E.,  entitled  "The 
Influence  of  Kails  on  Street  Pavements,"  shows  the  kinds  of  rail  in  use 
in  New  York  City.  The  recently  introduced  grooved  girder  rail,  with 
the  asjihalt  paved  flush,  is  doing  a  great  deal  to  mitigate  the  street  rail 
nuisance. 

The  prime  cause  of  wear  in  a  street  pavement  is  the  first  jar  or  jolt; 
a  quiet  rolling  load  does  very  little  execution,  but  the  same  load  re- 
ceived with  a  shock  soon  wears  away  the  best  pavement. 

♦Report  of  Water  Purveyor  of  New  York  City  for  1896. 
tSee  Transactions,  Vol.  xxxvii,  p.  70. 
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9.  Stop-Cock  Boxes  of  the  Gas  Companies  and  Manhole  Heads  of  the  Mr.  Evans. 
Subway  Companies. — The  custom  of  having  two  or  three  companies' 
gas  mains  in  the  same  block,  while  rendering  practically  impossible 
economic  distribution  of  gas,  causes  generally  a  group  of  two  or  three 
stoi3-cock  boxes  in  front  of  every  building.  The  subway  boxes,  32  ins. 
square,  are  put  in  about  100  ft.  apart.  Their  form  does  not  lend  itself 
to  easy  crowning  of  the  street,  especially  on  intersections,  and  their 
long  joints  are  necessarily  parallel  to  the  traffic.  It  is  possible  to  set 
the  stop-cock  boxes  at  an  angle  with  the  traffic,  but  the  subway  boxes 
are  too  large.  Many  of  the  older  forms  of  subway  boxes  were  an 
iron  frame  on  a  creosoted  wooden  box. 

Proportioning  a  Mixture. — The  exact  proj)ortions  of  successful  pave- 
ments have  been  determined  after  many  years  by  the  different  asphalt 
companies  in  which  their  record  of  mixtures,  chemical  analyses,  fail- 
ures and  successes  of  pavements  have  been  studied  and  compared. 
In  general,  the  principles  governing  the  variation  in  proportions  are 
as  follows: 

I. — A  mass  of  sand  having  a  small  i^ercentage  of  voids  is  produced 
by  the  use  of  a  tempering  sand  or  dust  (powdered  lime  or  quartz),  or 
both.  To  this  is  added  an  asj^haltic  cement  of  sufficient  fluidity  to 
coat  thoroughly  and  completely  all  the  grains  of  the  mineral  mass  in 
such  quantity  that  (1)  each  grain  will  be  coated  with  the  thinnest  pos- 
sible coating;  (2)  having  received  its  ultimate  compression,  the  pave- 
ment will  be  free  from  voids;  (3)  so  that  this  coating  shall  be  of 
sufficient  rigidity  to  prevent  undue  flowing,  creeping  or  rutting  in 
hot  weather;  (4)  so  that  this  coating  shall  be  of  such  tenacity  as  to 
resist  the  tendency  to  scale  in  winter  under  heavy  traffic  after  cold 
rains. 

II. — The  amount  of  asphaltic  cement  to  be  added  to  a  certain  mix- 
ture of  sand  depends  on  the  following  conditions :  (1)  to  coat  the  grains; 
(2)  to  take  up  the  dust;  (3    to  fill  all  the  voids. 

In  determining  the  effect  of  reducing  the  average  fineness  of  the 
sand,  it  is  found  that  the  surface  varies  inversely  with  the  diameter 
approximately,  or  the  decrease  in  the  average  size  of  the  grains  will 
require  an  increase  in  the  quantity  of  cement  to  coat  the  increase  in 
surface  of  grains.  A  sand  high  in  dust  will  require  a  larger  percent- 
age of  cement,  since  this  material  tends  to  stiffen  the  cement  as  flour 
stiffens  batter. 

A  sand  of  uniform  grains  makes  a  pavement  having  a  greater 
tendency  to  rut  in  warm  weather  than  one  where  the  grains  are  of 
graded  sizes.  The  reason  for  this  lies  rather  in  the  stability  of  a  dry 
pile  of  the  sand  than  its  greater  percentage  of  voids.  When  the  grains 
mesh  well  with  each  other,  they  will  present  a  greater  number  of  bear- 
ing i^oints  against  adjacent  grains  than  when,  being  of  the  same  size, 
the  method  of  aggregation  is  uniform. 


243       DISCUSSION    ON"   ASPHALT    AND    ASPHALT   PAVEMENTS. 

Mr.  Evans.  The  following  analysis  of  a  pavement  (No.  1),  which  proved  very 
much  too  soft  in  summer,  is  compared  with  a  sample  from  a  success- 
ful pavement,  No.  2,  the  mineral  matter  alone  being  considered: 

No.  1.  No.  2. 

Mineral  matter  retained  on  No.    20  sieve 'i-'i-X  4.4%" 

No.    40    "     22.4^  19.2^ 

No.    60    "     51.5%  24.1% 

No.    80    "     14.5%  21.0% 

No.  100    "     0.7%  3.1% 

Pass No.  100    "     9.7%  28.2% 

From  this  table  it  appears  that  No.  1  has  more  than  50%  of  its 
grains  of  one  size,  while  No.  2  has  not  much  more  than  25  per  cent. 
It  is  probable  that  No.  1  did  not  have  limestone  enough  to  render  the 
sand  coating  rigid. 

If,  now,  the  grains  are  coated  thinly  with  a  cement  which  has  been 
rendered  stiff  by  the  dust  which  fills  the  small  interstices  of  the 
mineral  mass,  and  the  whole  subjected  to  a  rolling  compression  by 
which  the  coated  grains  are  brought  to  a  solid  bearing,  the  resulting 
pavement  will  resist  any  tendency  to  displacement  under  heavy  load- 
ing better  than  one  with  grains  of  uniform  size,  other  conditions  being 
properly  jirovided  for. 

III. — Dust  as  a  hardener.  The  most  important  function  of  the  dust 
seems  to  be  in  its  action  as  a  hardener  or  stiflfener. 

Cement  alone  as  a  coating  for  grains  of  sand  will  permit  them  to 
be  moved  past  each  other  freely  under  the  influence  of  pressure  and 
summer  temperature.  "When  cold  this  action  is  still  possible,  but  in  a 
smaller  degree.  The  addition  of  an  impalpable  jsowder  tends  to  reduce 
this  action  by  rendering  the  coating  more  rigid,  while  not  greatly  in- 
creasing its  thickness.  This  percentage  of  dust,  if  increased  too 
high,  will  render  the  mass  brittle  in  winter.  The  proper  percentage 
lies  as  near  as  possible  to  this  last  stage  without  realizing  its  failings. 

There  is  about  10%  of  the  sand  mass  of  successful  pavements  which 
is  an  impalpable  powder  capable  of  passing  a  No.  200  sieve. 

Some  sands  are  naturally  high  in  clay  or  very  fine  silt,  which  re- 
duces the  i^ercentage  of  fine  dust,  which  must  be  added. 

TV, — The  difficulties  in  practical  manii^ulation  of  the  material  in 
large  quantities  are  many.  Lime  dust  in  the  form  of  a  powder  is  very 
liable  to  ball  up  in  such  a  way  that  it  becomes  coated  simply  as  a  grain 
of  sand  rather  than  in  the  form  of  a  powder  uniformly  disseminated 
through  the  sand  ready  to  be  taken  up  uniformly  by  the  cement. 

In  drying  and  heating  large  quantities  of  sand,  any  loose  handling 
of  the  material  is  liable  to  separate  the  coarse  from  the  fine  particles, 
causing  a  lack  of  uniformity  in  the  grading  of  the  sand  in  two  batches 
of  the  same  material. 
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An  ordinary  2  000-yd.  plant  will  have  to  melt  and  oil  about  150  bar-  Mr  Evans. 
rels  of  asphalt  every  day,  heat  uniformly  and  convey  without  separation 
of  particles  110  cu.  yds.  of  sand  from  the  pile  through  sand  drums, 
elevators,  sand  bins  and  boxes  to  the  mixer,  with  4  to  8  cu.  yds.  of  im- 
palpable jjowder  uniformly  mixed  through  the  sand,  each  grain  care- 
fully coated  with  cement,  the  mixture  to  be  conveyed  to  the  street  at 
the  exact  temperature  required. 

It  is  not  uncommon  in  drawing  sand  from  the  bins  into  the  box  to 
draw  it  half  full  of  sand  at  400'  to  500->  Fahr.,  and  top  off  with  colder 
or  cold  sand  from  a  pile  on  the  platform.  It  would  take  some  time  in 
the  mixer  to  bring  this  mass  of  hot  and  cold  sand  to  a  uniform  tem- 
perature, yet  the  cement  generally  follows  the  sand  almost  instantly 
and  before  the  dust  which  has  been  thrown  into  the  box  in  bulk  has 
had  time  to  become  mixed  at  all. 

Not  more  than  li  minutes  or  100  to  120  revolutions  of  the  mixer  is 
allowed  for  the  entire  operation  of  bringing  the  sand  to  a  uniform  tem- 
perature, completely  intermingling  the  dust  with  the  sand  and  coating 
the  particles  with  the  cement. 

Some  Peculiarities  of  Good  Pavements. — The  following  is  abstracted 
from  the  annual  report  of  Edward  P.  North,  M.  Am.  Soc.  C.  E.,  water 
purveyor  of  New  York  City  for  1896: 

"  During  the  hot  weather  of  this  summer  complaints  were  made 
that  many  of  our  newer  pavements  were  soft,  and  that  with  heavy 
loads  the  wheels  sunk  into  them,  increasing  the  necessary  tractive 
power.  The  charge  was  true;  though,  excej^t  in  the  case  of  new  pave- 
ments laid  within  a  few  weeks,  this  sinking  of  the  wheels  was  very 
slight.  In  any  pavement  made  from  a  comi^ound  of  bitumen  with 
sand,  r,nd  a  hardener,  such  as  powdered  limestone  or  granite,  it  is  ad- 
visable that  the  mixture  should  remain  soft  for  the  first  season,  as 
otherwise  it  is  liable  to  scale  and  flake  off'  under  heavy  traffic  when 
there  is  a  cold  rain.  This  trouble  must  be  endured  unless  rock  asphalt 
pavements  are  specified,  and  there  has  been  some  prejudice  against 
them  on  account  of  their  being  rather  more  slijipery  than  the  com- 
pound pavements." 

"  The  comjilaints  against  asphalt  pavements  are  very  general  on 
the  liart  of  truckmen,  but  although  they  say  a  granite  pavement  is 
better,  they  will  not  follow  a  granite  pavement  when  an  asphalt  i^ave- 
ment  is  available.  *  *  *  The  loads  hauled  in  this  city  are  very 
heavy.  A  great  many  two-horse  trucks  are  hauling  loads  of  5  tons  or 
more,  besides  the  weight  of  the  truck,  and  many  three-horse  trucks 
carry  loads  of  over  9  tons.  None  of  these  injure  or  deface  a  pavement 
that  is  more  than  one  season  old,  and  our  heavy  trucks  carrying  spools 
of  cable  for  the  traciion  companies  have  in  no  instance,  that  I  can 
learn  of,  injured  an  asphalt  pavement,  although  one  load  was  decid- 
edly over  20  tons  to  the  wheel — that  is,  counting  the  weight  of  the 
spool  and  the  truck;  and  other  loads  have  been  of  between  17  and  20 
tons  per  wheel.  These  loads,  however,  are  destructive  to  cross-walks 
and  injurious  to  granite  jjavements. " 

Maintenance  of  Asphalt. — The  following  further  abstract  from  the 
report  gives  the  status  of  maintenance  contracts  in  New  York  City, 
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Mr.  Evans,  the  custom  being  to  let  contracts  for  ten  years'  maintenance  at  a  price 
per  square  yard  per  annum. 

"  During  this  year  contracts  have  been  entered  into  for  mainten- 
ance of  streets  covered  -with  asphalt,  on  which  the  guarantee  has 
expired.  The  list  of  these  contracts,  *  *  *  with  the  areas,  the 
price  paid  per  square  yard  for  maintenance,  and  the  date  of  expiration 
of  contracts,  is  given  below.  Numbers  one  and  two  were  let  on  the 
24th  of  May,  1895,  and  the  others  have  been  let  during  this  year.  All 
these  contracts  are  made  for  pavements  which  have  been  down  five 
vears  or  more." 


Area,  square 
yards. 

Price  per  square 
yard. 

Expiration  of  main- 
tenance. 

No.    1 

27  359 

31  703 

24  061 
9  223 
4  330 
3  5.38 

11  697 
8  843 
6  515 
2  522 

11038 

$0.3511 
0.3038 
0.12 
0.07 
0.065 
0.115 
0.08 
0.06 
0.07 
0.13 
0.12 

December  31st,  1905. 

No.    2 

December  31st,  1905. 

No.    3 

August  25th,  1906. 
August  25th,  1906. 
August  31st,  1906. 
December  31st,  1906. 

No.    4 

No.   5 

No.   6 

No.    7 

December  24th,  1906. 

No.    8 

December  34th,  1906 

No.    9 

December  24th,  1906. 

No.  10 

September  30th,  1906. 
September  30th,  1906. 

No.  11 

"It  will  be  noticed  that  the  average  cost  per  yard  for  maintenance 
per  annum  on  all  these  maintenance  contracts  is  slightly  less  than  19.9 
cents.  But  if  the  maintenance  of  Eighth  Avenue  (No.  1),  where  the 
circumstances  were  excei^tional,  as  the  cost  is  over  30  cents  per  yard, 
and  where  the  entire  surface  had  to  be  renewed,  be  eliminated,  the 
average  cost  will  be  found  to  be  a  fraction  less  than  9  cents  per  yard 
per  annum  for  the  ten  years  that  the  areas  are  under  maintenance.  If 
this  price  is  ajiplied  to  the  contracts  for  this  year,  which  were  let  at 
about  $2. 75  per  square  yard,  the  total  cost  of  a  pavement  for  twenty- 
five  years,  without  the  comiDutation  of  interest,  would  be  $3.65  per 
square  yard,  or  14.6  cents  j^er  annum.  If  interest  at  S^%  is  included 
on  the  various  payments  made  and  to  be  made,  which  are  as  follows: 
70/0  o^i  the  completion  of  the  work,  and  'd%  per  annum  for  ten 
years,  commencing  with  the  sixth  year  after  the  completion  of  the 
work,  and  semi-annual  payments  on  the  maintenance,  the  gross  cost 
of  the  payment  at  the  end  of  twenty-five  years  will  amount  to  a  frac- 
tion less  than  §7.74.  This  sum  would  be  extinguished  by  annual  pay- 
ments of  19.9  cents,  with  S^%  interest  at  the  close  of  twenty -five  years. 
So  it  may  be  stated  that  the  present  cost  of  our  asphalt  pavements  is  20 
cents  per  square  yard  j^er  annum  for  twenty-five  years." 

"In  England  the  average  cost  of  asphalt  i^avements  is  $3.63  per 
square  yard,  and  after  the  second  year  a  j^ayment  of  25  cents  per  square 
yard  for  maintenance  was  made  for  fifteen  years.  This  takes  care  of 
the  pavement  for  seventeen  years.  If  we  treat  this  as  above,  we  find 
the  total  cost  at  the  end  of  seventeen  years  is  .^1. 109.  This  sum  would  be 
extinguished  by  annual  payments  of  48.8  cents  for  seventeen  years,  with 
3^%  interest,  or  decidedly  more  than  twice  the  annual  charge  for  our 
pavements  for  twenty -five  years." 
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Asphalt  Pavements  Too  Expensive  for  Heavy  Traffic. — This  claim  does  Mr.  Evans. 
not  conform  entirely  to  exjjerience  in  New  York.  Bids  received  by  the 
Department  of  Public  Works  for  paving  First  Avenue,  the  great  truck- 
ing route  of  the  east  side  to  Harlem,  showed  that  the  average  bid  from 
five  companies  for  asphalt  on  present  pavement  with  fifteen  years' 
guarantee  was  $3,054  per  square  yard,  while  the  bids  for  granite  on 
concrete  to  be  maintained  the  same  length  of  time  averaged  $3.50,  a 
difference  of  14.6^  in  favor  of  asphalt,  with  a  higher  standard  of  con- 
dition required  at  the  expiration  of  the  maintenance  contract. 

The  mileage  of  jjavements  laid  in  New  York  City  ujs  to  January 
1st,  1897,  on  the  basis  of  a  30- ft.  street,  was  as  follows:  Total  paved 
streets,  400  miles;  total  asphalt,  100  miles.  The  asphalt  may  be 
classified  as  follows:  Total  Trinidad  Lake,  76  miles;  total  Trinidad 
land,  6  miles;  total  Alcatraz,  7  miles;  total  rock  asphalt,  6  miles;  total 
Bermudez,  2  miles;  total  asphalt  block,  2  miles. 


CORRESPONDENCE. 


MARSHAiiii  MoKRis,  M.  Am.  Soc.  C.  E. — The  writer  has  experi- Mr.  Morris, 
mented  for  a  number  of  years  on  mixtures  of  Kentucky  rock  with  both 
European  and  American  asphaltic  limestones.  About  10  miles  of 
pavements  of  this  nature  have  been  laid  in  Buffalo,  beginning  in 
1891.  The  proportions  of  the  mixtures  vary  from  66f  to  90%  of  Ken- 
tucky rock,  and  33^  to  10%  of  Vorwohle  rock. 

The  Kentucky  rock  would  undoubtedly  be  very  serviceable  in  re- 
placing the  sand  and  a  large  part  of  the  bitumen  in  the  construction 
of  jiavements  made  with  Trinidad  or  other  asphaltic  cements  as  the 
matrix,  but  commercially  would  hardly  be  a  success,  as  the  sand  can 
be  obtained  at  very  low  cost  in  most  cities. 

An  analysis  of  the  sand  rock  which  is  the  basis  of  the  Kentucky 
bituminous  rock  gave  the  following  results,  in  percentages:  Silica, 
96.88;  sesquioxide  of  iron,  0,81;  alumina,  0.46;  lime,  0.34;  magnesia, 
0.20;  soda,  0.81;  i^otash,  0.20;  combined  water  and  loss  on  ignition, 
0.25. 
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WITH  DISCUSSION. 

Among  the  sources  of  energy  available  for  industrial  purposes, 
natural  water  powers  have  long  held  an  important  place,  although  the 
localities  in  which  they  could  be  made  available  have,  until  lately, 
been  few  in  number.  Within  the  past  few  years,  however,  the  progress 
made  in  the  methods  for  converting  mechanical  into  electric  energy, 
and  the  increase  in  the  distance  to  which  the  latter  can  be  economically 
transmitted,  have  led  to  the  utilization  of  many  water  powers  which 
were  previously  inaccessible.  The  advantages  to  any  community  of 
cheap  and  reliable  power  are  so  great  that  a  steady  growth  of  enter- 
prises of  this  kind  may  be  expected.  Apart  from  manufactures  of  all 
kinds,  the  purely  municipal  purposes  of  lighting  and  electric  traction 
will  of  themselves  absorb  a  considerable  amount  of  power. 

It  is  proposed  in  the  following  paper  to  describe  the  works 
recently  built  in  the  canon  of  the  Ogden  Eiver,  near  the  city  of 
Ogden,  by  the  Pioneer  Electric  Power  Company  of  Utah,  which  con- 
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stitute  the  latest  and  most  important  hydraulic  power  plant  of  that 
State,  and  one  of  the  largest  works  of  the  kind  yet  undertaken  in 
this  country.  It  is  hoped  that  even  an  incomplete  account  of  the 
designs  and  methods  of  construction  adopted  by  the  engineers  of  the 
above  work  may  not  jirove  without  value  in  the  planning  of  similar 
undertakings. 

Location  and  Topography. — The  city  of  Ogden  is  situated  in  the  basin 
of  Great  Salt  Lake,  at  an  elevation  of  4  300  ft.  above  sea  level.  It  is 
about  13  miles  east  of  that  body  of  water,  and  35  miles  north  of  Salt 
Lake  City.  The  limits  of  the  city  extend  eastward  to  the  base  of  the 
Wahsatch  Mountains,  which  tower  5  000  ft.  higher,  reaching  a  total 
altitude  of  fully  9  000  ft.  above  sea  level.  This  chain  of  mountains 
is  intersected  by  numerous  deep  valleys  or  canons,  some  of  which  rise 
abruptly,  while  others  have  a  more  gentle  slope  and  form  the  outlet 
for  drainage  areas  of  considerable  extent.  Two  such  canons,  those  of 
the  Weber  and  Bear  Rivers,  are  situated  a  few  miles  to  the  south  and 
north  of  the  city  respectively,  and  are  occupied  by  the  Union  Pacific 
and  Utah  Northern  Railroads. 

The  caiion  of  the  Ogden  River  is  intermediate  between  the  two  last- 
named  valleys,  its  outlet  being  directly  east  of  Ogden  and  distant 
about  2  miles  from  the  business  center.  It  is  a  narrow,  winding  gorge, 
walled  in  by  high  and  precipitous  mountains,  and  presents  a  succes- 
sion of  scenes  of  romantic  beauty  unsurj)assed  in  any  other  portion  of 
the  Rockies.  The  caiion  is  nowhere  more  than  a  few  hundred  feet  in 
width  at  the  bottom,  and  at  some  points  it  is  so  narrow  that  the  con- 
struction of  the  excellent  macadamized  road  that  traverses  it  involved 
considerable  rock  excavation. 

At  a  point  about  6  miles  above  its  mouth  the  narrow  gorge  through 
which  the  river  flows  widens  out  into  a  noble  valley,  some  8  miles 
long  and  4  miles  wide,  surrounded  by  an  almost  continuous  mountain 
chain.  This  valley  contains  several  villages  and  many  well-cultivated 
farms,  and  is  traversed  by  three  streams  which  unite  at  the  upper  end  of 
the  caiion,  to  form  the  Ogden  River.  A  reference  to  the  map,  Fig.  1, 
will  show  clearly  the  course  of  the  three  branches,  one  of  which  drains 
the  northern  j^art  of  the  valley,  while  another  emerges  from  the  moun- 
tains east  of  the  village  of  Huntsville,  and  the  third  bisects  the  main 
range  on  the  opposite  side  of  the  valley  directly  east  of  the  head  of  the 
caiion. 
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The  average  annual  rainfall  in  Ogden  is  14  ins.  In  the  Ogden 
Valley  it  has  never  been  measured,  but  is  probably  twice  as  great.  The 
drainage  area  is  about  360  square  miles.  The  flow  of  the  river  varies 
greatly  in  different  years  and  at  different  seasons.  In  May  and  June, 
when  the  snow  on  the  mountains  melts,  a  maximum  flow  of  4  800  cu.  ft. 


per  second  has  been  measured,  while  a  minimum  of  80  cu.  ft.  in  August 
and  September  is  also  on  record.  The  minimum  in  average  years  is 
fully  125  cu.  ft.  per  second.  In  1896  the  flow  did  not  go  below  175  cu. 
ft.  per  second.     This  refers  to  the  flow  in  the  river-bed  near  the  dam 
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site,  but  there  is  also  considerable  underflow  in  the  gravel,  as  appears 
from  the  fact  that  the  gauge  readings  several  miles  lower  are  always 
greater,  though  the  affluents  on  this  stretch  are  insignificant. 

The  sio2Je  of  the  stream  in  the  ujjper  valley  is  comparatively 
gradual,  while  in  the  6  miles  of  the  canon  there  is  a  total  fall  of  nearly 
500  ft.  This  jiortion  of  the  river  has  long  appeared  an  attractive  field 
for  the  develojiment  of  jjower,  but  apart  from  a  small  saw-mill  near 
its  mouth  there  have  been  only  abortive  attempts  made  at  utilizing 
the  fall  of  the  stream,  and  none  of  these  earlier  plants  are  now  in 
operation. 

The  conception  and  successful  completion  of  the  works  belonging 
to  the  Pioneer  Electric  Power  Company  are  due  mainly  to  the  efforts 
of  C.  K.  Bannister,  M.  Am.  Soc.  C.  E.,  who,  as  chief  engineer  and  sec- 
retary of  the  company,  has  devoted  several  years  to  the  careful  study 
of  the  engineering  and  financial  problems  involved.  Preliminary  sur- 
veys were  made  in  1894  and  1895,  but  it  was  not  until  the  beginning  of 
of  1896  that  the  location  of  the  plant  was  definitely  settled  and  actual 
construction  begun. 

General  Description  of  the   Works. 

The  plans  of  the  Pioneer  Electric  Power  Comjjany  contemplate  the 
utilization  of  the  waters  of  the  entii-e  Ogden  River  water-shed  above  the 
mouth  of  the  canon  for  the  development  of  power  as  well  as  for  irriga- 
tion. The  central  features  of  the  plant  are  :  A  large  storage  reservoir 
and  a  masonry  dam  at  theujiper  end  of  the  canon;  a  pipe  conduit  6  ft. 
in  diameter  ;  a  power  house  containing  water-wheels  and  electric  gen- 
erators. Besides  this,  there  are  electric  transmission  lines  and  sub- 
stations for  distributing  the  power  to  different  points,  and  an  extended 
system  of  irrigation  canals. 

The  Storage  Reservoir. — This  will  cover  an  area  of  aboiit  2  000  acres, 
and  will  have  a  capacity  of  nearly  15  000  000  000  galls.  It  will  be 
formed  by  building  a  dam  across  the  canon  a  short  distance  below  its 
upper  end.  Little  clearing  will  be  necessary,  but  a  considerable 
amount  of  farm  land  will  be  submerged,  and  a  number  of  houses  and 
bax-ns  will  have  to  be  vacated.  A  number  of  miles  of  highway  will 
also  be  covered  by  water,  and  it  -will  be  necessary  to  build  a  wagon 
road  of  equivalent  length  on  each  side  of  the  reservoir.  This  will  in- 
volve heavy  rock  excavation,  and  will  be  expensive  in  construction. 
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The  Dam. — The  dam  will  be  built  of  concrete  masonry  and  founded 
on  the  bed-rock.  Its  length,  measured  on  the  crest,  will  be  about  400 
ft.  It  will  be  about  60  ft.  high  above  the  present  river-bed,  and  the 
foundation  will  extend  about  40  ft.  lower,  making  a  total  height  of  over 
100  ft.  The  sides  and  bottom  of  the  cauon,  at  the  site  of  the  dam,  con- 
sist of  solid  limestone  rock,  but  the  bottom  is  overlaid  to  a  depth  of 
about  40  ft.  with  coarse  gTavel  containing  a  large  amount  of  ground- 
water. A  spillway  for  carrying  off  the  flood  waters  is  to  be  built  on  the 
north  side  of  the  canon.  The  dam  and  spillway  are  more  fully  de- 
scribed in  a  following  section  of  the  paper. 

A  9-ft.  tunnel  has  been  excavated  through  the  solid  rock  around 
the  south  abutment  of  the  dam,  which,  at  ordinary  stages  of  the  river, 
will  be  the  sole  outlet  for  the  water  in  the  reservoir.  It  is  to  connect 
at  its  upper  end  to  a  masonry  inlet-tower,  with  six  60-in.  ports  and 
sluice  gates  for  admitting  water. 

About  100  ft.  below  the  tunnel,  and  connected  to  it  by  a  riveted 
steel  pipe  8  ft.  6  ins.  in  diameter,  the  main  gate-house  is  placed. 
This  building  contains  two  72-in.  valves,  one  of  which  serves  for  dis- 
charging surplus  water,  while  the  other  connects  with  the  main 
conduit. 

The  Main  Conduit. — The  main  conduit  is  a  pipe  line  with  an  in- 
ternal diameter  of  6  ft.  Its  total  length  is  31  600  ft. ,  of  which  27  000 
ft.  consist  of  wooden  stave  pipe,  while  the  last  4  600  ft.,  at  the  lower 
end  is  riveted  steel  pipe.  It  is  laid  in  a  trench  8^  ft.  wide,  and  cov- 
ered with  earth  to  a  depth  of  3  ft.  on  top.  The  wooden  pipe  is  located 
on  the  side  of  the  canon  with  maximum  horizontal  curves  of  14°  and 
vertical  curves  of  8°,  and  follows  the  side  of  the  mountain  to  a  point 
about  half  a  mile  beyond  the  mouth  of  the  canon.  The  hydraulic 
grade  line  is  assumed  to  fall  at  the  rate  of  0.2  per  hundred,  and 
the  wooden  pipe  is  kept  close  to,  but  below,  this  gi-adient,  which 
begins  at  low-water  level  in  the  reservoir.  The  upper  portion  of  the 
wooden  conduit  is  mainly  in  earth  excavation,  but  towards  the  mouth 
of  the  canon  the  trench  was  excavated  almost  entirely  in  limestone 
and  granite  rock.  There  are  eight  tunnels  in  the  rock,  the  longest  of 
which  is  667  ft.  There  are  also  eight  steel  bridges,  with  a  total 
length  of  560  ft.,  besides  a  timber  trestle.  The  maximum  hydrostatic 
head  on  the  wooden  pipe  will  be  117  ft. ,  giving  a  pressure  of  50  lbs. 
per  square  inch. 
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The  Steel  Pipe. — Steel  pipe  is  used  at  the  lowei*  end  of  the  conduit 
for  pressures  exceeding  that  mentioned  above.  It  extends  from  the 
lower  end  of  the  wooden  pipe  to  the  power  house,  following  an  align- 
ment which  is  straight  in  jjlan,  but  is  adapted  to  the  contour  of  the 
ground  by  fourteen  vertical  angles.  Between  these  points  the  pipe  is 
straight,  the  elbows  being  formed  with  radii  of  30  ft. 

The  steel  pipe  is  of  6  ft.  diameter  till  it  reaches  a  point  100  ft. 
above  the  power  house.  Here  it  divides  into  two  branches,  54  ins.  in 
diameter,  which  lead  to  two  large  receivers,  one  on  either  side  of  the 
power  house  building.  The  total  hydrostatic  head  from  the  flow- 
line  of  the  reservoir,  when  it  is  full,  to  the  center  of  the  receivers  will 
be  516  ft. 

The  Power  House. — This  is  built  of  pressed  brick,  with  concrete  and 
rubble  footings,  and  cut-stone  trimmings.  Its  outside  dimensions  are 
135  ft.  in  length  by  50  ft.  in  width.  The  roof  trusses  are  of  steel,  and 
are  supported  on  steel  posts  imbedded  in  the  brick  walls.  The  cover- 
ing consists  of  standing  seam  steel  roofing  laid  on  a  2-in.  sheeting  of 
Douglas  fir.  A  traveling  crane  of  15  tons  capacity,  operated  by  hand 
power,  traverses  the  building,  the  track  girders  being  carried  by  the 
steel  posts.  This  building  contains  all  the  hydraulic  and  electric  ma- 
chinery used.  A  smaller,  separate  building  serves  as  a  machine  and 
blacksmith  shop. 

Machinery. — The  pipe  line  is  calculated  to  deliver  250  cu.-ft. 
per  second  with  a  full  reservoir,  which  corresjjonds  to  a  velocity  of 
flow  in  the  6-ft.  pipe,  of  about  9  ft.  per  second.  Taking  the  effec- 
tive head  at  440  ft.,  the  gross  available  horse-power  will  be  about 
12  500. 

The  prime  movers  used  are  water-wheels  of  the  impulse  type,  direct 
connected  to  electric  generators.  The  complete  jilant  will  consist  of 
ten  water-wheels  and  dynamos,  but  only  five  are  at  present  installed, 
although  the  power  house  building,  the  receivers,  and  the  machine 
foundations,  have  been  built  in  such  a  way  that  the  whole  number  of 
machines  can  be  erected  at  any  time. 

The  water-wheels  are  of  the  Knight  pattern,  58  ins.  in  diameter, 
with  a  capacity  of  1  200  H.-P.  each,  at  300  revolutions  jier  minute. 

The  dynamos  are  three-phase  alternating-current  generators.  They 
give  an  output  of  750  kilowatts  at  300  revolutions  per  minute,  and 
2  300  volts  continuously,  with  a  frequency  of  60  cycles  jier  second. 
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There  are  two  continuous-current  exciters,  direct  connected  with 
two  135-H.-P.  water-wheels.  Each  exciter  gives  an  output  of  100 
kilowatts  at  550  revolutions  per  minute,  and  500  volts  continuously. 

The  arrangement  of  the  wheels  and  generators  is  symmetrical  on 
either  side  of  the  longitudinal  axis  of  the  building.  There  are  two 
continuous  foundations  of  concrete,  and  the  central  channel  between 
them  serves  as  a  tail-race.  After  leaving  the  building,  the  water  is 
carried  back  to  the  Ogden  River  by  a  channel,  which  is,  in  part,  a 
covered  flume,  and  partly  an  open  ditch. 

Of  the  machines  at  present  installed,  two  of  the  wheels  and  gen- 
erators are  placed  on  one  side,  and  three  on  the  other.  As  the  receivers, 
and  in  fact  all  portions  of  the  plant,  are  in  duplicate,  the  occurrence  of 
an  accident,  which  might  cause  a  total  stoppage  of  the  plant,  is  almost 
wholly  excluded. 

In  the  gallery  there  are  stejj-up  transformers  with  a  present  capac- 
ity of  about  3  000  H.-P.  They  receive  the  current  from  the  generators 
at  2  300  volts,  and  raise  the  voltage  to  16  100,  at  which  pressure  the 
current  passes  into  the  transmission  lines. 

The  long-distance  transmission  lines  are,  at  present,  about  38  miles 
in  length,  extending  to  a  substation  in  Salt  Lake  City.  They  deliver 
the  current,  at  a  voltage  of  13  800,  to  the  stej^-down  transformers, 
which  reduce  it  to  2  300  volts  for  local  distribution.  There  are,  besides 
this,  wires  for  the  local  distribution  of  power  in  Ogden.  The  cui'rent 
in  these  lines  has  a  voltage  of  2  300. 

The  irrigation  canals  belonging  to  the  company  are  situated  near 
the  shore  of  Great  Salt  Lake.  The  water  from  the  pipe  conduit,  after 
leaving  the  power  house,  is  allowed  to  run  back  into  the  natural  bed 
of  the  stream,  and  is  again  taken  out,  at  a  point  about  five  miles  below, 
and  diverted,  so  as  to  irrigate  about  18  000  acres  of  land,  not  hereto- 
fore provided  with  water. 

All  portions  of  the  plant  are  at  present  complete  and  ready  for 
operation  with  the  exception  of  the  large  dam  and  reservoir,  the  con- 
struction of  which  has  not  yet  begun.  A  small  crib  dam  with  tem- 
porary headworks  has  been  built  a  short  distance  above  the  site  of  the 
large  dam,  which  gives  the  necessary  head  for  filling  the  pipe,  but 
does  not  i^rovide  for  any  considerable  storage  of  water.  A  temporary 
stave  pipe,  54  ins.  in  diameter,  extends  from  the  crib  dam  to  the  9-ft. 
tunnel.     In  this  way,  the  jjower  plant   can  be  operated  and  a  consid- 
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erable  amount  of  power  generated  prior  to  tlie  construction  of  the 
large  concrete  dam. 

Method  of  Doing  Work. — The  wooden  and  steel  conduit  was  built  by 
contract.  The  work  done  included  not  only  the  comjilete  construc- 
•  tion  of  all  i)ortious  of  the  wooden  and  steel  pipe  line,  but  also  all 
earth  and  rock  excavation  and  tunnel  work,  as  well  as  the  masonry  for 
bridges,  culverts  and  retaining  walls  and  the  timber  trestliug.  The 
steel  bridges  and  the  larger  valves  were  purchased  by  the  jDower  com- 
pany and  erected  by  day  labor.  Smaller  incidental  work,  such  as  the 
temporary  headworks,  etc.,  were  built  by  day  labor  under  the  direc- 
tion of  the  chief  engineer,  or  let  in  small  contracts.  The  power 
house  and  machine  shop  were  built  by  contract,  but  the  structural  steel 
work  was  furnished  by  the  company  and  the  heavier  girders  erected  by 
them.  All  the  machinery  was  erected  by  the  company  by  day  labor, 
under  the  supervision  of  its  engineers. 

Detailed  plans  and  specifications  were  made  in  the  chief  engineer's 
office  of  all  parts  of  the  work  excepting  the  hydraulic  and  electric  ma- 
chinery, and  the  work  of  the  different  contractors  was  confined  to  car- 
rying out  the  plans  under  the  direction  of  the  chief  engineer  and  his 
assistants.  In  the  case  of  the  machinery,  the  specifications  furnished 
to  intending  bidders  gave  the  requu'emeuts  and  the  general  arrange- 
ment to  which  the  designs  would  have  to  conform.  They  also  included 
a  statement  of  the  tests  to  which  the  materials  and  the  water-wheels 
and  generators  would  be  subjected  before  acceptance.  The  detailed 
planning  of  the  machinery  was,  however,  left  to  the  companies  which 
made  the  tenders. 

The  CoNDriT;  its  Htdeactlics  and  CoNSTRtJCTioN. 

The  conduit  consists  approximately  of  5  miles  of  wooden  stave  pipe 
and  t  mile  of  riveted  steel  pipe.  The  former  is  evei-y  where  72^  ins.  in 
internal  diameter,  while  the  latter  has  an  average  internal  diameter  of 
721  ins.,  but  varies  slightly  at  different  points.  As  a  6- ft.  steel  pipe  is 
from  three  to  foui*  times  as  exjjensive  jaer  lineal  foot  as  a  wooden  pipe 
of  the  same  size,  economy  jirescribed  a  location  by  which  the  length  of 
the  metallic  conduit  should  be  reduced  to  a  minimum.  Besides  this,  the 
capacity  of  the  smooth  stave  pipe  is  considerably  gx-eater  than  that  of 
the  steel  pipe,  so  that,  from  hydraulic  considerations,  the  use  of  wooden 
pipe  is  preferable.     For  both  of  these  reasons  the  cheaper   jjipe  is 
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iised  from  tlie  dam  to  a  point  close  to  the  power  house.  Its  loca- 
tion is  siich  as  to  reduce  the  pressure  that  comes  upon  it  as  much  as 
possible  without  increasing  the  excavation  unduly.  Hence  the  wooden 
pipe  line  is  built  to  conform  to  a  hydraulic  grade  line  of  2  ft.  per 
thousand,  a  slope  which  is  believed  to  correspond  to  the  friction  in 
the  pipe.  A  large  amount  of  curvature  is  introduced,  but  the  radii 
are  large,  so  that  the  obstruction  to  the  flow  is  probably  inappreciable. 

From  the  end  of  the  wooden  pipe,  the  steel  conduit  runs  direct  to 
the  power  house.  The  slope  of  the  steel  pipe  is  quite  steep,  and  the 
pressure  is  from  50  to  200  lbs.  per  square  inch. 

For  moderate  diameters  the  choice  between  cast  iron  and  riveted 
steel  pipes  will  usually  depend  on  local  conditions.  For  a  6-ft.  pipe 
under  such  heavy  pressures  and  at  so  great  a  distance  to  the  nearest 
pipe  foundries,  the  use  of  cast  iron  was  entirely  out  of  the  question. 
The  objections  raised  against  the  use  of  riveted  conduits  are  their 
greater  liability  to  corrosion  and  their  smaller  capacity,  owing  to 
greater  frictional  resistance.  In  the  Ogden  pipe  great  care  was  taken 
to  prevent  the  rusting  of  the  plates  in  transit  and  at  the  shops,  and  a 
coating  of  asphalt  was  afterwards  applied  by  which  a  long  life  for  the 
pipe  is  believed  to  be  fully  assured. 

As  far  as  the  capacity  of  the  pipe  is  concerned,  late  experiments 
leave  no  room  for  doubt  that  a  riveted  pipe  will  convey  considerably 
less  water  under  a  given  head,  than  a  pipe  with  an  unbroken,  smooth 
surface.  Just  how  much  less  will  depend  on  the  nature  of  the  con- 
struction and  of  the  coating,  the  size  of  the  pipe  and  the  slope  of  the 
conduit.  The  recorded  data  for  the  flow  of  water  in  pipes  exceeding 
4  ft.  in  diameter  are  very  scanty,  even  for  smooth  internal  surfaces. 
For  riveted  conduits  there  are  almost  none  in  existence.  Various  for- 
mulas are  in  use  for  computing  the  frictional  resistances  for  new  cases 
as  they  arise.  The  best  of  these  are  confessedly  emjiirical,  merely 
combining  in  a  convenient  shape  the  results  of  a  number  of  measure- 
ments. When  applying  them  to  novel  conditions,  the  results  can  be 
only  approximate,  though  the  designing  engineer  must  fall  back  on 
such  inductions  in  determining  the  size  of  conduits  differing  from  pre- 
vious examples.  It  is  a  cherished  hope  of  the  projectors  of  the  Ogden 
pipe  that  it  may  furnish  an  opportunity  for  a  series  of  careful  experi- 
ments which  may  throw  additional  light  on  the  flow  of  water  in  large 
pipes. 


GOLDMARK    Olf    PIOKEER    POWER    PLANT. 

P^BRIDG^  NO.- 


255 


Fig.  2. 


356  GOLDMAKK    ON    PIONEEK    POWER    PLANT. 

As  appears  from  the  profile  (Fig.  2)  and  the  preceding  description, 
the  Ogden  conduit  is  compound,  seven -eighths  of  its  length  being  of 
wooden,  and  one-eighth  of  riveted  steel,  pipe.  At  the  upper  end  the 
inlet  will  be  funnel-shaped  so  that  the  coefl&cient  at  entrance  will 
closely  approach  unity.  The  wooden  pipe  has  an  extremely  smooth 
internal  surface,  absolutely  without  projections,  and  is  continuous  for 
its  entire  length,  except  at  three  points.  These  breaks  consist  of  two 
riveted  steel  elbows  and  a  short  length  of  open  tunnel.  The  elbows 
are  of  the  same  size  and  construction  as  the  standard  steel  pipe.  The 
radius  of  their  central  line  is  30  ft.,  and  the  central  angle  about  45°. 
In  Tunnel  No.  7  the  wooden  pipe  is  omitted  for  a  length  of  about  100 
ft.,  and  the  unlined  tunnel  serves  as  a  conduit.  It  is  about  9  ft.  square, 
and  its  surface  is  quite  rough.  The  additional  resistances  at  these 
three  points  will  not,  it  is  believed,  absorb  any  considerable  part  of  the 
head.  The  gate  valves,  when  fully  opened,  will  not  obstruct  the  flow 
at  all. 

The  surface  of  the  steel  pipe  is  very  smooth,  as  the  asphalt  coating 
is  glossy  and  continuous,  with  very  few  wrinkles.  The  obstructions 
to  flow  are  the  longitudinal  internal  butt  straps  and  the  rivet  heads. 
The  former  are  16  ins.  wide  and  f  in.  and  I  in,  thick.  They  are  con- 
tinuous in  almost  all  the  sections,  being  exactly  at  the  top  of  the  pipe, 
so  that  they  obstruct  the  flow  much  less  than  they  would  if  breaking 
joint.  The  rivets  have  low,  conical  heads  on  the  inside,  which  are 
smooth  and  regiilar  in  shape. 

There  are  thii'teen  elbows  of  30-ft.  radius  in  the  steel  pipe,  and  one 
elbow  of  40-ft.  radius.  From  the  end  of  the  6-ft.  pipe,  two  4i-ft. 
branches  about  100  ft.  long  lead  to  the  power  house. 

If  the  C-ft.  pipe  were  open  at  its  lower  end,  a  straight  line  from  the 
flow  line  in  the  reservoir  to  the  end  of  the  pipe  would  represent  the 
hydraulic  gradient.  In  that  case,  the  greater  part  of  the  conduit 
would  be  above  the  hydraulic  grade,  so  that  air  would  be  likely  to  col- 
lect at  the  high  points  and  stop  the  flow.  As  actually  used,  the  pipe 
is  closed  at  its  lower  end,  and  the  amount  of  water  drawn  off  through 
the  nozzles  is  comparatively  small,  so  that  a  high  pressure  is  main- 
tained in  the  receivers.  The  hydraulic  grade  line,  under  these  condi- 
tions, is  at  all  points  well  above  the  conduit. 

The  problem,  then,  is  to  determine,  for  diff"erent  amounts  of  water 
used  per  second,  the  j^roportion  of  the  total  head  which  will  be  ab- 
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sorbed  by  frictional  resistances,  and  hence  the  pressure  under  which 
the  water  will  be  in  the  receiver  at  the  lower  end  of  the  pipe. 

The  volume  of  water  required  to  run  the  full  plant  of  ten  water- 
wheels  will  be  250  cu.  ft.  per  second,  which  is  equivalent  to  a  velocity 
of  8f-  ft.  i^er  second  in  the  6-ft.  pipe.  The  frictional  resistances  in  the 
wooden  and  steel  pipes  for  this  velocity  were  computed  separately  and 
are  given  below. 

Calculation  of  Friction  Hear!. — If  I  is  the  length  of  pipe  in  feet,  f/ is 
the  internal  diameter  of  pipe  in  feet,  v  is  the  velocity  of  flow  in  feet 
per  second,  g  is  32. 2,  the  acceleration  of  gravity,  /  is  a  coefficient  that 
varies  with  d,  v  and  the  degree  of  roughness  in  the  pipe  surface,  and 
h  is  the  loss  of  head  bv  friction,  then 

In  this  case,  for  the  wooden  pipe,  Z  =  27  000  ft.,  d  =  6.03  ft.,  v  = 
8.75  ft.  per  second. 

Then  for  the  smooth  wooden  pipe,  and  the  above  values  of  d  and  v, 
f  can  be  taken  as  0.01,  and  for  a  length  of  1  000  ft.  of  pipe — 

,,.„  0.01  11^^X8^=1.97  ft. 
6.03  X  64.4 

Hence  the  virtual  slope  of  2  ft.  per  1  000,  to  which  the  wooden  pijDe 
is  laid,  will  be  sufficient. 

In  the  Chezy  formula  (r  =  c  y/^\  the  preceding  result  is  equiva- 
lent to  a  value  of 

_     j^_  8.75  _ 

''~-J  rs   "  yi.51  X  0.00197  ~ 
This  agrees  closely  with  the  value  given  for  smooth  pipes,   under 
the  same  conditions,  by  Hamilton  Smith,  Jr.,  M.  Am.  Soc.  C.  E.f 
In  the  Ganguillet  and  Kutter  formula 

1.811     ,    0.00281 
41-^  H ^—  + —     

'^,+  /41.6+'^:^^)"^^^'^ 

the  value  c  =  160  is  equivalent  to  a  coefficient  of  roughness  w  =  0.0104. 

Using  the  preceding  value  for  h",  the  total  loss  from  friction  in  the 
wooden  pipe  is  found  to  be  h  =  27000  x  0.0197  =  53.19  ft. 

For  the  riveted  steel  pipe,  c  in  the  Chezy  formula  may  be  safely 

taken  at  three-fourths  the  above  value,  or  120. 

*  Merrlman's  "  Hydraulics."  pp.  168-169. 
t  See  his  '■  Hydraulics."  Table  on  p.  271. 
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The  friction  head  in  1  000  lin.  ft.  of  pipe  will  then  be  h"  =  3.52  ft., 
or,  16.19  ft.  in  4  600  ft.  of  steel  conduit. 

For  the  whole  pipe  line  the  loss  of  head  will  be  53.19  +  16.19  = 
69.38  ft. 

The  difference  in  elevation  between  the  flow  line  in  the  full  reser- 
voir and  the  center  of  the  receiver  is  516  ft.,  hence  the  efficient  head 
is  516  —  69.4  =  446.6  ft.  This  must  be  slightly  reduced  to  allow  for 
the  Venturi  meters  and  other  specials. 

Steel  Pipe  Goastruction. — -The  steel  pipe  conduit  extends  from  the 
lower  end  of  the  wooden  pipe  at  station  278  +  50  to  the  power  house. 
Of  this  length,  about  4  600  ft.  consists  of  6-ft.  pipe  and  the  remainder 


Fig.  3. 
of  4Y-ft.  pipe,  besides  the  receivers  at  the  power  house,   which   are 
merely  sections  of  6-ft.  pipe  of  somewhat  greater  strength. 

The  profile  is  shown  in  Fig.  2,  the  alignment  being  a  tangent 
from  end  to  end.  At  the  fourteen  vertical  angles  the  change  of  direc- 
tion is  made  by  means  of  elbows.  The  hydrostatic  pressures  in  the 
l^ipe  vary  from  45  lbs.  per  square  inch,  where  it  joins  the  wooden 
pipe,  to  a  maximum  of  200  lbs.  per  square  inch  at  the  lower  end.  The 
size  of  the  plates  is  the  same  throughout  the  straight  part  of  the  pipe, 
viz.,  110  X  228  Ins.,  giving  sections  9  ft.  2  ins.  long  lengthwise  of  the 
conduit.  There  are  480  of  such  plates  besides  those  used  in  the  el- 
bows. The  thickness  varies  from  f  to  iiin-,  with  increments  of  re 
in.,  but  the  receivers  are  built  of  i-in.  plate. 


it      JL. 
1  B 

-in. 

-    i-in. 

"    -h 

-in. 

"    1- 

m. 

4«         ii. 
1  6 

-in. 
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The  internal  diameter  varies  slightly  with  the  thickness  of  the 
plates,  which  are  uniformly  228  ins.  long  with  f-in.   joints. 

Assuming  the  circumference  at  the  middle  of  the  thickness  of  each 
plate  equal  to  228.375  ins.,  which  agrees  closely  -wdth  actual  measure- 
ments, there  results: 

For  f-in.  metal  an  internal  diameter  of  72.32  ins. 

72.26 
72.19 
72.13 
72.07 
72.01 

or  an  average  diameter  of  72.22  ins.,  if  the  lengths  of  conduit  which  are 
built  of  plates  of  diflferent  thicknesses  are  taken  into  account. 

The  construction  of  the  jjipes  follows  the  usual  practice  of  marine 
boiler  work  for  high  pressures.  It  is  shown  in  Fig.  3.  Extracts  from 
the  siaecifications  are  given  in  ApjDendix  A. 

The  siiecifications  for  the  steel  were  fully  comjilied  with,  and  the 
finish  of  the  plates  left  nothing  to  be  desired.  The  clause  in  the  speci- 
fications limiting  the  excess  in  weights  to  5%  above  the  calculated 
weight,  while  requiring  the  plate  to  be  j)ractically  of  full  thickness 
even  at  the  edges,  was  doubtless  too  severe.  In  making  these  wide 
plates,  the  inevitable  springing  of  the  rolls  made  it  impossible  to  keep 
the  excess  in  weight  down  to  the  close  limits  j^ermitted. 

Another  point  in  the  specifications  may  be  referred  to,  namely,  the 
clause  which  requires  that  test  pieces  cut  from  finished  plates  of  difi'erent 
thicknesses  must  show  the  same  strength  and  ductility.  "While  in  this 
reqiiirement  the  common  practice  of  the  i^ast  few  years  is  followed,  it 
is  doubtful  in  the  author's  opinion  whether  it  can  be  successfully  de- 
fended. A  tensile  strength  of  60  000  lbs.  per  square  inch,  with  an 
elongation  of  24%"  in  8  ins.,  corresponds  in  a  plate  f  in.  thick  to  a 
carbon  percentage  of  about  0.15,  if  basic  o^jen-hearth  steel  is  used 
with  phosphorus  and  manganese  as  specified.  To  obtain  the  same 
tensile  strength  and  ductility  in  the  f-in.  plate  rolled  down  from  slabs 
or  ingots  of  the  same  size,  it  is  necessary  to  increase  the  carbon  to 
fully  0.24.  This  means,  of  course,  a  much  harder  steel,  which  will  be 
more  subject  to  injury  in  subsequent  processes  of  manufacture.  The 
"  rolling  "  of  plates  into  cylindrical  pipes  causes  severe  strains  in  the 
metal,  and  experience  has  proved  that  miich  greater  care  is  required 
in  getting  a  perfect  result  in  the  thicker  sheets.     For  this  reason  it 
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would  be  desirable  to  modify  tbe  sijecifications  for  plates  so  as  to 
provide  that  the  tensile  strength  required  in  the  thicker  plates  should 
be  less  than  in  the  thin  ones.  The  chemical  composition  of  the  steel 
■would  then  be  more  nearly  the  same,  and  the  capacity  of  the  heavier 
gauges  for  standing  the  necessary  strains  in  the  boiler  shojj  would  be 
increased. 

Strength  of  the  Riveted  Steel  Pipe. — The  principal  strain  to  which  a 
water-pipe  conduit  is  subjected  is  that  due  to  internal  fluid  pressure. 
Por  pipes  in  which  the  ratio  of  the  diameter  to  the  thickness  of  the 
metal  is  considerable,  this  strain  is  given  correctly  by  the  simple 
formula  of  Mariotte.  For  pipes  closed  at  the  ends,  there  is  a  longi- 
tudinal strain  in  the  plates  composing  the  conduit.  In  any  given  case 
this  unit  strain  will  be  only  half  as  great  as  that  which  tends  to  burst 
the  pipe.  In  a  pipe  bedded  in  earth  this  force  is  absorbed  by  friction, 
and  its  effect  on  the  metal  probably  extends  only  a  short  distance  from 
the  closed  end. 

Differences  in  temperature  and  an  unequal  settlement  of  the  con- 
duit may  also  develop  strains  of  considerable  amount,  which  must  be 
borne  in  mind  when  fixing  the  details  of  construction.  Even  more 
important  is  the  possible  action  of  collajasing  strains,  due  to  external 
air  pressure,  which  may  occur  if  the  pipe  is  suddenly  emjatied  by 
accident.  It  is  hardly  feasible  to  build  a  pipe  of  large  diameter  to 
withstand  an  external  strain  of  this  kind  unless  ample  provision  is 
made  for  admitting  the  outside  air  and  preventing  the  formation  of  a 
vacuum.  In  the  Ogden  pijie  a  large  number  of  valves  and  relief  shafts 
are  provided  for  this  purpose,  which  are  described  in  detail  in  a  fol- 
lowing section  of  the  paper. 

In  fixing  the  thicknesses  of  the  plates  and  the  jjoints  on  the  profile 
at  which  they  change,  the  unit  strains  on  the  gross  section  were  taken 
at  12  000  lbs.  per  square  inch  in  the  f-in.  sheets,  decreasing  to  11  000 
lbs.  for  the  W-io..  plates. 

The  greatest  head,  h,  to  which  any  given  thickness  of  plate  was 
subjected,  is  shown  in  the  following  table  : 

f-in.  j)late,  gross  strain  12  000  lbs.  per  square  inch,  h  —  288  ft. 
-f^-in.     "  "  "      11  800      "  "  "         h  =  330  " 

i-in.        "  "  "      11  600       "  "  "         h  =  371  " 

A-in.      "  "  "      11  400       "  "  "         h  =  410  " 

f-in.       "  "  "      11200      "  "  "        ;«  =  448" 

ii-in.     "  "  "      11000      "  "  "        A  =  484" 
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The  net  strains  in  the  plates,  the  rivet  stresses  and  the  efficiency  of 
the  joints,  that  is,  the  ratio  of  the  strength  of  the  joint  to  that  of  the 
unpunched  plate,  are  given  below.  The  calculations  will  be  under- 
stood better  by  referring  to  the  details  of  the  riveting  shown  in  Fig.  3. 
The  net  section  is  taken  between  the  rivet  holes  in  the  outer  row  of 
rivets,  the  pitch  of  which  is  twice  as  great  as  that  in  the  other  rows. 

Triple  Eiveting,  Zigzag;  Double  Pitch  in  Inside  Row. 

Plate,  H  in.     Rivets,  1|-  ins.,  cold;  l-^e  ins.,  upset.     Pitch,  3|ins. 

Maximum  tensile  stress  on  plates,  gross  section 11  000  lbs.  per  sqiiare  inch. 

"  ••  ■'  net  section 12  940   "  "  " 

"  shearing  stress  on  rivets 5  740  "  " 

"  bearing  "  14  600  "  " 

EfBcieney  of  joint,  85  per  cent. 

Plate,  l-in.     Rivets,  li  ins. ,  cold  ;  l^e  iiis. ,  upset.     Pitch,  3|  ins. 

Maximum  tensile  stress  on  plates,  gross  section 11 200  lbs.  per  square  inch. 

netsection 13  200    '• 

"         shearing  stress  on  rivets 5  200    "  "  " 

"        bearing        "  "      14  800    "         " 

Efficiency  of  joint,  85  per  cent. 

Plate,  i\  in.     Rivets,  1  in.,  cold;  l-rgins. ,  upset.     Pitch,  3|-  ins. 

Maximum  tensile  stress  on  plates,  gross  section. . . .11  400  lbs.  per  square  inch. 

"  "  "  '•       netsection 13  200    "         "  " 

"        shearing  stress  on  rivets 5  520    "  "  " 

bearing        -^  '•      15  800    " 

Efficiency  of  joints,  86.2  per  cent. 

Plate,  i  in.     Rivets,  1  in.,  cold;  liViis.,  upset.     Pitch,  3-i%  ina. 

Maximum  tensile  stress  on  plates,  gross  section. . .  .11  600  lbs.  per  square  inch. 

"  "  "  "        netsection 13  600    "  "  " 

"       shearing  stress  on  rivets 5200    "         "  " 

"       bearing        "  "      16  400    "  "  " 

Efficiency  of  joint,  85.2  per  cent. 

Plate,  Th  ill-      Rivets,  |  in.,  cold;  if  in.,  upset.     Pitch,  S-^g  ins. 

Maximvim  tensile  stress  on  plates,  gross  section  — 11  800  lbs.  per  square  inch. 

"  "  "  "       netsection 13  500    "  "         " 

"       shearing  stress  on  rivets 5  020    "  "         " 

"       bearing        "  '"      15  200    "  "  " 

Efficiency  of  joint,  87  per  cent. 

Plate,  f  in.     Rivets,  |  in.,  cold;  yf  in.,  upset.     Pitch,  3tV  ins. 

Maximum  tensile  stress  on  plates,  gross  section. . .  .12  000  lbs.  per  square  inch. 

"  "  "  "       netsection 14  000    •'        "  " 

"       shearing  stress  on  rivets 4  300    "        "  " 

■'       bearing        '•  ""        15  200"        "  " 

Efficiency  of  joint,  87  per  cent. 
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Construction  of  Elbows. — Tlie  thickness  of  tlie  plates  in  the  elbows 
is  the  same  as  in  adjacent  straight  sections.  The  change  of  direc- 
tion between  successive  sections  of  an  elbow  was  limited  to  4°  or  5°,  so 
that  each  section  is  about  2i  or  3  ft.  long.  The  maximum  angle  of 
any  elbow  was  45°,  requiring  nine  or  ten  elbow  sections.  The  butt 
straps,  sizes  of  rivets  and  rivet  spacing  are  the  same  as  for  straight 
pipe.  Detailed  drawings  of  all  elbow  plates  were  made  in  the  chief 
engineer's  office,  by  which  all  work  in  the  shop  was  done. 

Method  of  Construction. — All  the  work  connected  with  the  construc- 
tion of  the  steel  pipe  sections  was  done  at  Ogden  in  a  shop  espe- 
cially built  and  equipped  with  machinery  for  the  purpose  by  the 
contractors.  The  principal  reasons  for  adopting  this  plan  were,  first, 
the  great  saving  in  freight  charges  which  resulted  from  being  able  to 
ship  flat  plates  up  to  the  full  capacity  of  the  cars  instead  of  the  finished 
pipe  sections  of  which,  for  the  lighter  gauges,  hardly  half  a  carload 
could  have  been  loaded  on  a  standard  flat  car,  and,  second,  that  both 
work  and  inspection  might  be  under  the  personal  supervision  of  the 
chief  engineer  and  his  assistant  on  the  pipe  line.  The  contractor's  works 
were  erected  near  the  lower  end  of  the  steel  pipe  line,  on  a  spur  track 
3  miles  in  length,  laid  by  the  Union  Pacific  Bailroad  to  connect  with 
its  main  line.  The  boiler  shop  was  a  substantial  frame  building, 
covered  with  corrugated  sheeting;  it  was  175  ft.  long  and  45  ft.  wide, 
with  a  lean-to  40  ft.  in  width  on  each  side.  The  railroad  track  passed 
through  the  building  at  one  end  and  all  material  was  unloaded  un- 
der cover  by  a  traveling  crane  which  ran  from  end  to  end  of  the 
building,  and,  with  several  small  jib-cranes,  served  to  handle  the 
work  at  the  different  machines.  This  crane  was  of  5  tons  capacity; 
the  traversing  machinery  was  operated  by  electricity,  while  air  hoists 
were  used  for  lifting. 

This  building  contained  all  the  machinery  required  for  punching, 
rolling,  riveting  and  calking  the  pipe  sections,  and  also  the  air  com- 
pressor by  which  the  field  riveting  and  calking  machines  in  the 
trench  were  driven.  Two  punches  which  were  also  used  for  shear- 
ing, a  steam  riveter,  a  set  of  12-in.  plate  rolls,  120  ins.  in  length,  and 
a  14-ft.  planer  for  finishing  the  edges  of  plates  and  straps,  constituted 
the  larger  machines  installed.  B  esides  this,  there  were  three  drilling 
machines,  esi3ecially  mounted  for  reaming  rivet-holes,  and  some 
smaller  shaping  machines  and  lathes.     Adjoining   the  main  shop,  a 
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blacksmith's  sliop,  enclosed  -with  corrugated  iron,  was  built,  in  which 
the  usual  forges  and  furnaces  for  heating  the  rivets  were  jilaced,  so 
as  to  reduce  the  fire  risk  of  the  larger  and  more  inflammable 
building. 

The  construction  of  the  shop  was  begun  about  May  15th,  1896,  but 
there  was  some  delay  in  the  delivery  of  machinery  so  that  the  first 
plate  was  not  punched  till  the  middle  of  July.  After  this  time  until 
nearly  the  end  of  the  year,  work  was  pushed  with  two  shifts  of  men, 
night  and  day  and  seven  days  in  every  week.  It  may  be  mentioned, 
in  passing,  that  in  September  a  violent  wind  storm  overturned  the 
main  building,  but  fortunately  did  little  damage  to  the  machinery,  so 
that  the  work  was  delayed  only  a  few  days. 

The  methods  used  were  those  of  first-class  boiler  shops,  and  the 
work  turned  out  compared  favorably  with  the  product  of  well-equipped 
eastern  works.  While  it  was  not  intended  to  increase  the  cost  of  the 
pipes  unduly,  the  inspection  was  continuous  and  severe.  The  planing 
of  butt  strains  and  the  reaming  of  the  holes  for  li-in.  rivets,  as  re- 
quired by  the  siiecifications,  were  strictly  insisted  upon,  and  the  fitting 
was,  as  a  rule,  extremely  good.  The  sections  were  riveted  up  complete 
in  lengths  of  9  ft.  2  ins. ,  with  a  round-about  strap  riveted  fast  to  one 
end,  so  that  the  field  work  was  confined  to  making  the  connection 
between  adjoining  sections.  The  steam  riveter  used  in  the  shop 
formed  the  heads  by  direct  pressure  and  gave  very  good  results.  It 
was  necessary,  however,  especially  with  l^-in.  rivets,  to  hold  on  until 
the  rivet  head  had  cooled  to  a  black  heat. 

Great  care  was  taken  with  the  caulking  of  the  joints.  It  was  done 
entirely  on  the  outside  straps  by  the  use  of  sjjlit  caulking  machines 
driven  by  compressed  air.  The  caulking  was  generally  done  while  the 
section  was  suspended  above  the  riveter,  so  that  the  outer  row  of 
rivets  in  the  longitudinal  butt-straps  could  be  driven  after  the  caulking 
was  finished.  The  caulking  of  one  edge  of  the  round  straj)s  had,  of 
course,  to  be  done  after  the  pipe  was  laid  in  the  trench. 

Dipping  of  the  Pipe. — As  soon  as  a  section  was  completed,  it  was 
taken  to  the  dipping  tank  adjoining  the  shop,  which  was  equipped 
with  a  revolving  derrick  moved  by  steam  power.  The  tank  was  cir- 
cular, made  of  i-in.  steel  plates,  and  buried  entirely  below  the  ground. 
The  mixture  used  consisted  of  C  grade  California  asphalt,  with  the 
interstices  filled  with  the  best  quality  of  natural  liquid  asphalt  maltha, 
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not  above  14<^  gravity  Beaume  test.  The  mixture  was  melted  and 
kept  at  a  proper  temperature  by  steam  coils  in  the  tank.  It  was 
found  that  a  prolonged  process  of  coating  gave  the  best  results,  and 
for  this  reason  nearly  an  hour  was  consumed  in  dipping  each  section, 
and  gradually  withdrawing  it  from  the  boiling  mixture.  The  coating 
was  smooth  and  glossy,  and  stood  the  necessary  handling  without 
much  damage. 

Erection  and  Riveting  of  the  Steel  Pipe  in  the  Trench. — The  riveting 
of  a  steel  pipe  line  of  the  diameter  and  length  of  the  Ogden  pijse  in 
the  short  period  of  time  to  which  the  contractor  was  limited  pre- 
sented many  difficulties.  For  the  l^-in.  and  even  1-in.  rivets  hand 
work  was  not  practicable,  and  it  was  undesirable  even  for  the  |-in. 
rivets.  Power  riveters  for  this  class  of  field  work  were  almost  if  not 
quite  untried,  and  there  was  little  time  for  experiments.  Two  forms 
of  power  riveters  were  specially  designed  for  the  work,  and  all  the 
rivets  were  driven  with  them,  there  being  practically  no  hand  riveting 
on  any  part  of  the  pipe.  They  were  both  operated  by  compressed  air 
which  was  drawn  from  a  small  pipe  laid  down  on  the  edge  of  the 
trench  for  the  entire  length  of  the  steel  conduit.  This  pipe  was  3  ins. 
in  diameter  where  it  left  the  compressor  in  the  boiler  shop,  decreas- 
ing to  2  ins.  at  the  upper  end.  The  pressure  used  varied  from  50  to 
75  lbs.  per  square  inch. 

The  first  type  of  machine  adopted  by  the  contractors  and  used 
exclusively  in  the  earlier  stages  of  the  work  was  designed  by  George 
H.  Pegram,  M.  Am.  Soc.  C.  E.  The  parts  of  the  machine  in  the  inside 
and  on  the  outside  of  the  pipe  are  entirely  distinct.  The  former  con- 
sists of  a  pressure  cylinder  and  piston,  the  axis  of  which  coincides 
with  the  central  line  of  the  pipe,  and  a  framework  with  a  toggle-joint. 
By  means  of  this  the  thrust  of  the  piston  is  turned  through  90°,  so  as 
to  form  the  heads  of  two  rivets  diametrically  opposite  each  other  on 
the  inside  of  the  pipe.  The  cylinder  revolves  freely  on  its  axis  and 
can  be  rotated  so  as  to  drive  in  succession  all  the  rivets  in  a  given 
row.  It  is  supported  by  means  of  springs  on  a  low  iron  truck  with 
wheels,  running  on  a  short  track  which  rests  on  the  bottom  of  the 
pipe.  This  machine  acts  by  direct  pressure  like  the  steam  riveting 
machines  commonly  used  in  boiler  and  bridge  shops. 

The  portion  of  this  machine  outside  of  the  pipe  consists  essentially 
of  a  heavy  cast-steel  ring  which  furnishes  the  necessary  reaction  against 
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the  thrust  of  the  riveting  machine  inside.  For  this  iJurpose  four  cups, 
adjusted  by  means  of  hand-wheels,  are  attached  to  the  large  ring  at 
points  90°  apart.  The  ring  hangs  from  a  framework  above,  which 
travels  on  a  timber  runway  supported  on  the  top  of  the  pipe.  Gear- 
ing is  provided  for  traversing  the  entire  frame,  as  well  as  for  revolving 
the  ring  around  the  axis  of  the  pipe.  When  in  operation,  two  rivets 
are  inserted  from  the  outside  into  holes  diametiically  opposite;  the 
ring  is  moved  so  that  two  of  the  cups  come  exactly  opposite  the  rivets. 
The  hand-wheels  are  then  screwed  down  and  pressure  is  applied  from 
the  cylinder  within.  All  the  rivets  in  a  row  are  driven  with  one 
setting,  but  when  a  joint  is  completed  the  entire  machine  must  be 
moved  ahead,  which,  for  so  heavy  an  apparatus,  is  rather  slow  work. 
About  500  rivets  have  been  driven  in  a  day  of  ten  hours  with  this 
machine. 

The  second  type  of  riveting  machine  used  is  much  lighter  than  the 
one  last  described.  The  heads  are  not  formed  by  steady  pressure,  but 
by  striking  a  large  number  of  blows  in  rapid  succession.  A  frame 
work  encircles  the  pipe  and  sustains  the  internal  reaction;  it  revolves 
on  the  pipe  on  special  cast  rollers.  One  rivet  only  is  driven  at  a  time, 
the  head  of  which  is  formed  on  the  inside  of  the  pipe.  There  is  an 
air  cylinder  with  a  piston  which  is  moved  forward  after  the  rivet  is 
inserted,  so  as  to  hold  it  in  place  and  sustain  the  blows  of  the  percus- 
sion riveter  within  the  pipe.  The  latter  is  comparatively  light  so  that 
it  can  be  handled  by  only  two  men  working  inside  of  the  pipe.  It  con- 
sists of  a  small  air  cylinder,  similar  to  that  of  a  percussion  rock-drill, 
the  piston-rod  of  which  has  a  cup  at  its  outer  end.  This  contrivance 
is  held  in  place  by  a  heavy  rod,  fastened  into  a  rivet  hole  diametri- 
cally opposite  the  rivet  to  be  driven. 

The  operation  is  similar  to  that,  of  the  Pegram  riveter,  and  the 
number  of  rivets  driven  per  day  is  about  the  same.  Owing  to  its 
greater  lightness,  the  number  of  men  required  to  handle  this  machine 
is  considerably  less,  thus  reducing  the  cost  of  driving  a  rivet. 

The  quality  of  the  work  appears  to  be  entirely  satisfactory,  although 
for  driving  the  H-in.  rivets,  in  the  TH-in.  plates,  a  somewhat  heavier 
machine  would  be  preferable. 

Erection. — The  trench  in  which  the  steel  pipe  was  laid  was  almost 
everywhere  accessible  by  team,  and  the  sections  were  distributed  in 
this  way.     At  convenient  points,  a  number  of  lengths  were  unloaded 
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and  a  sloping  riinAvay  cut  out,  along  which  the  sections  were  skidded 
into  the  ditch.  A  short  length  of  light  railroad  track  was  commonly 
built  along  the  center  of  the  trench  on  which  the  sections  were  trans- 
ported to  connect  with  the  finished  ends. 

The  riveting  machines  used  made  it  necessary  to  excavate  below  the 
pipe  to  an  additional  depth  of  about  3  ft.  so  as  to  allow  the  framework 
of  the  riveter  to  pass.  The  sections  were  supported  on  timber  block- 
ing placed  from  5  to  9  ft.  apart.  This  blocking  consisted  of  6  x  6-iru 
timbers,  from  three  to  six  pieces  being  laid  one  on  top  of  the  other. 
The  engineer's  grade  stakes  were  generally  set  with  their  tops  a 
multii:)le  of  6  ins.  below  the  bottom  of  the  pipe,  so  that  the  foreman 
knew  just  how  many  timbers  were  needed  at  any  point  to  give  correct 
grade. 

The  joining  of  the  sections  was  readily  made  and  the  jDractice  was 
to  keejj  the  erecting  gang  a  number  of  sections  ahead  of  the  riveting 
machines,  so  that  both  riveting  and  erection  could  proceed  uninter- 
ruptedly. At  the  beginning  of  the  work  much  difficulty  was  met  with 
in  building  the  pipe  to  a  straight  line,  as  it  showed  a  decided  tendency 
to  assume  a  vertical  curve  which  threatened  to  bring  the  pipe  to  the 
center  of  the  earth  instead  of  the  top  of  the  hill  side.  The  exact  cause 
of  this  distressing  phenomenon  was  the  subject  of  much  discussion, 
but  was  never  fully  settled.  As  a  matter  of  fact,  after  the  men  became 
more  experienced  and  greater  care  was  taken  with  the  blocking,  the 
difficulty  disappeared,  and  the  foreman  finally  became  quite  expert  in 
giving  the  pipe  any  desired  elevation  or  direction.  The  elbows  and 
tangents  fitted  the  ground  almost  perfectly,  and  of  about  500  plates 
ordered  not  a  single  one  was  spoiled,  either  in  the  shop  or  field. 

Testing  the  Pipe.—W^en  the  first  ten  sections  of  r^-m.  pipe  were 
riveted  up  in  the  trench,  making  a  total  of  92  ft.  of  completed  pipe, 
they  were  closed  at  each  end  by  dished  heads,  which  were  bolted  fast 
and  caulked  with  lead.  The  pipes  were  filled  with  water  and  subjected 
to  hydraulic  pressure.  For  this  purpose  the  air  compressor  was 
speeded  up  so  as  to  give  a  pressure,  of  200  lbs.  per  square  inch,  which 
was  maintained  for  twelve  minutes,  when  it  was  stopped  from  fear  of 
injuring  the  rather  light  compressor  used.  While  the  compressor  was 
at  work,  the  pressure  was  raised  to  250  lbs.  per  square  inch  at  intervals 
by  a  hand-pump.  This  last  increment  of  pressure  was  applied  as  a 
jerk  or  kind  of  water-hammer,  so  that  as  a  test  it  was  doubly  severe. 
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Under  this  pressure  the  pii^e  proved  to  be  very  tight.  Out  of  some 
3  000  rivets,  only  twenty-two  were  discovered  that  leaked  at  all,  and 
most  of  these  merely  sweated.  The  caiilked  joints  were  also  practically 
tight,  showing  only  a  few  slight  leaks.  These  sections  were  the  first 
built.  The  later  work  would  probably,  if  tested  in  like  manner, 
have  given  even  better  results. 

Anchorages. — The  i^roflle  of  the  steel  pipe  line  shows  that  it  con- 
tains some  steep  grades.  It  was  deemed  advisable  to  hold  the  pipe  at 
these  places  by  building  anchorages  around  it  at  the  angle  points. 
These  anchorages  consist  of  concrete  blocks,  about  8x  10  ft.  in  section 
and  about  10  ft.  long.  They  were  built  in  timber  molds.  The 
mixture  consisted  generally  of  Portland  cement,  sand  and  crushed 
stone,  in  the  proportions  one,  two  and  five. 

Back-FiUing. — It  was  originally  intended  not  to  cover  up  the  steel 
pipe  until  after  it  was  completed  and  filled  with  water,  but  as  the  work 
progressed  it  was  found  that  the  effect  of  the  differences  in  temperature 
made  it  desirable  to  put  in  the  back-filling  sooner.  The  earth  was,  there- 
fore, shoveled  under  and  around  the  pipe,  filling  the  trenches  and  cover- 
ing the  pipe  about  3  ft.  on  the  toj?.  The  filling  was,  of  course,  carefully 
tamped.  The  effect  of  temperature  on  the  pipe  was  twofold.  When 
there  was  bright  sunshine  on  the  top  of  the  pipe,  the  bottom  remain- 
ing in  the  shade,  the  exposed  side  was  elongated,  so  that  the  pipe  line 
became  curved,  and  in  one  case  was  observed  to  lift  from  its  supports 
for  a  distance  of  over  100  ft. ;  besides  this,  there  was  considerable  ex- 
pansion and  contraction  longitudinally,  as  well  as  a  change  in  the 
diameter  of  the  pipe.  As  a  consequence,  the  pipe  shrank  away  from 
the  concrete  in  the  anchorages,  leaving  openings  which,  in  some  cases, 
were  as  large  as  half  an  inch.  Several  of  the  concrete  anchorages  also 
showed  a  number  of  fissures  and  cracks,  both  on  top  and  on  their 
sides. 

Weights  and  Lengths  of  Steel  Pipe.  — There  are  476  regular  sections  of 
straight  6-ft.  pipe,  besides  the  14  elbows.  The  lengths  and  weights 
are  given  in  Table  No.  1,  calculated  on  a  basis  of  490  lbs.  per  cubic 
foot.     The  invoice  weights  were  about  6%  greater. 

Wooden  Stave  Pipe. — The  wooden  stave  pipe  is  of  the  type  success- 
fully used  in  the  West  for  many  years.  It  is  believed,  however,  that 
its  diameter  of  6  ft.  is  greater  than  that  of  any  conduit  of  the  kind 
previously  built.     A  new  departure,  too,  is  the  use  of  Douglas  fir  in 
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place  of  California  redwood.  The  former  timber  is  mucli  harder  and 
stiflfer,  and  some  trouble  was  anticipated  in  its  use  for  staves,  especi- 
ally in  view  of  the  great  amount  of  curvature  in  the  pipe  line.  After 
the  fii'st  few  days,  however,  no  great  difficulty  was  experienced  in  put- 
ting the  staves  together  i^roperly,  even  on  the  14°  curves. 

The  lumber  was  furnished  by  Oregon  and  Washington  mills,  being 
planed  on  all  sides  to  a  uniform  finished  size  of  8  x  2i  ins.  before  ship- 
ment. The  specification  was  a  severe  one,  requiring  the  best  class  of 
timber,  j^erfectly  free  from  knots,  sap  holes,  season-checks  and  other 
flaws.     It  was  carefully  inspected  at  the  mills,  and  again  after  delivery 

TABLE  No.  1. — Weight  of  Steel  Pipe.     Pounds. 
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14  elbows  in  6-ft.  pipe. 
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The  8J-ft.  pipe  near  the  dam,  the  4i-ft.  pipe  at  the  power  house,  and  the  receivers 
raised  the  total  weight  of  the  steel  pipe  to  over  2  500  000  lbs. 

at  Ogden.  The  lumber  used  was  almost  beyond  criticism,  being 
practically  perfect  in  appearance.  It  was,  as  far  as  possible,  thor- 
ougly  seasoned  and  dried  and  was  kept  under  cover  at  Ogden  until  it 
was  placed  in  the  trench. 

The  pipe  was  built  of  thirty-two  staves,  the  finished  staves 
being  T-r  ins.  wide  on  the  outside,  7i  ins.  wide  on  the  inside,  and 
2  ins.  in  thickness.  A  planing  mill  for  the  work  of  building  the 
wooden  pipe  was  especially  erected  near  the  mouth  of  Ogden 
Canon.  In  this  mill  both  sides  of  the  staves  were  dressed  in  a  plan- 
ing machine  to  conform  to  the  outlines  of  a  circle;  the  outside  to  a 
circle  of  38i  ins.  radius,  and  the  inside  to  a  circle  of  36-I-  ins.  radius. 
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The  radial  surfaces  were  planes,  smoothly  finished.  Steel  templets  of 
the  stave  section  were  furnished  to  the  contractor  and  the  inspectors, 
and  no  stave  varying  more  than  3^  in.  was  accepted. 

According  to  the  specifications,  the  lengths  of  the  staves  were  to  be 
16,  18,  and  20  ft.,  but  not  more  than  15%'  of  16-ft.  lengths,  nor  more 
than  30 j^  of  18-ft.  lengths,  were  allowed.  This  condition  was  fully  com- 
plied with,  and  many  lengths  of  24  ft. ,  26  ft. ,  and  even  more,  were  used. 
In  building  the  pipe  the  staves  were  selected  so  as  to  break 
joints  at  least  12  ins.,  and  at  all  end  joints  a  steel  tongue  was  placed, 
being  fitted  into  grooves  sawed  into  the  ends  of  the  staves.  These 
grooves  had  a  depth  equal  to  half  the  width  of  the  tongue,  and  were  of 
such  width  that  the  tongues  fitted  tightly.  The  tongues  were  1^  ins. 
wide,  about  i  in.  thick,  and  somewhat  longer  than  the  width  of  the 
staves,  so  as  to  extend  i  in.  into  the  two  adjoining  staves.  Experience 
in  previous  conduits  has  shown  that  this  construction  is  sufficient  to 
make  a  tight  joint  at  the  ends  of  staves.  The  radial  edges  of  the  staves 
are  perfectly  plain,  without  the  beading  sometimes  used,  dependence 
being  placed  on  the  swelling  of  the  timber  for  producing  a  tight  joint. 
Sills. — At  intervals  of  8  ft.  throughout  the  length  of  the  conduit, 
sills  6x8  ins.  and  8  ft.  long  were  laid  in  the  trench  with  the  8-iu.  side 
down,  at  right  angles  to  the  center  line  of  the  jjipe,  with  chocks  cut 
to  fit  the  periphery  of  the  pipe  at  each  side  and  fastened  on  top  of  each 
sill  by  a  boat  spike.  An  additional  brace  of  2  x  4-in.  timber  was  placed 
at  an  angle  of  45^,  and  also  spiked  to  the  sill.  These  sills  were 
bedded  as  exactly  as  possible,  according  to  the  engineer's  lines  and 
grades,  and  proved  a  sufficient  guide  for  placing  the  pipe  in  its  proper 
position. 

Bunds.  — Many  different  methods  for  banding  stave  pipe  have  been 
proposed  from  time  to  time,  but  only  a  few  of  them  have  had  the  test 
of  practical  experience.  In  the  early  pipe  lines,  bands  similar  to  those 
used  on  barrels  were  employed,  but  the  iise  of  round  rods  of  steel  has 
now  become  universal  for  all  but  the  smallest  sizes.  There  are,  how- 
ever, many  different  forms  and  details  for  connecting  the  rods  and 
making  the  necessary  adjustments. 

On  the  Ogden  pipe  the  bands  consist  of  round  steel  rods  of  f-in. 
and  ^-in.  diameter,  the  latter  being  used  only  where  the  pressure  ex- 
ceeds that  due  to  a  head  of  100  ft.  They  were  made  of  tested  steel, 
having  an  ultimate  strength  in  tension  of  between  55  000  and  65  000 


270 


GOLDMARK    ON    PIONEER    POWER    PLANT. 


lbs.  per  square  inch,  an  elastic  limit  of  40  000  lbs.  per  square  inch,  and 
an  elongation  of  25%  in  8  ins.  The  percentage  of  phosphorus  was  not  to 
exceed  0.095,  and  of  sulphur  0.075.  Each  rod  was  to  bend  cold  through 
180°  upon  itself  without  sign  of  fracture. 

A  complete  baud  consists  of  two  rods  bent  to  a  semi-circle  and  two 
steel  shoes.  Theii*  shapes  and  sizes  are  represented  in  Fig.  4.  There 
are  two  kinds  of  rods,  one  of  each  kind  being  required  to  make  a  com- 
l^lete  ring  or  band.  The  first  kind  has  a  loo^J  eye  at  each  end  and  was 
made  of  one  piece  of  steel  without  welds,  except  in  the  loops.     The 


SCALE  OF  DETAILS 


i    M   0         1 

2 

3          4           5 

6  inches 

\ 

/  .      ^ 

"'      JA- 

--.i"' 

—11-2^ 

b-1 

ENDS  UPSET  TO  ^"OR^DIAM.  WITH 
MANUFACTURER'S  STANDARD  SCREW  THREAD 


second  kind  of  rod  has  two  upset  screw  ends  made  without  welding. 
All  nuts  were  at  least  ^  in.  thick,  and  of  such  close  fit  that  -with  clean 
threads  they  could  not  be  turned  with  the  fingers.  The  shoes  are  also 
shown  in  Fig.  4,  together  with  the  method  of  adjusting  the  rods  and 
shoes.  They  were  pressed  when  hot  out  of  nj-in.  steel  and  have  proved 
quite  satisfactory  during  the  construction  of  the  pipe,  though  a  slight 
increase  of  the  thickness  of  metal  would  probably  be  an  improvement. 
The  form  of  shoe  and  rods  was  designed  by  Mr.  J.  C.  O'Melveny,  of 
Ogden. 
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The  bands  are  placed  perpendicular  to  the  end  of  the  pipe  with 
the  shoes  at  the  sides  and  spaced  according  to  the  instructions  of  the 
engineer.  It  was  desired  to  subject  the  bands,  as  far  as  i)ossible,  to 
the  same  maximum  unit  strain  in  all  portions  of  the  conduit.  For  this 
purpose  a  table  was  prepared  giving  the  number  of  bands  to  be  used  in 
each  100  ft.  of  pipe  and  their  average  distance  apart.  Where  there  was 
much  difference  in  the  pressure  within  the  limits  of  a  100-ft.  section, 
the  spacing  was  changed  at  the  -f-  50  jjoint,  and  in  some  cases  a 
different  spacing  was  used  in  every  25  ft.  of  length. 

The  working  stress  of  a  |-in.  rod  was  taken  at  4  500  lbs. ,  and  of  a  f -in. 
rod  at  6  500  lbs.,  giving  a  unit  strain  of  14  660  lbs.  per  square  inch  of 
metal.  The  spacing  was,  of  course,  proportioned  in  accordance  with 
the  head  at  each  point,  the  whole  water  pressure  being  supposed  to  be 
carried  by  the  bands,  as  no  allowance  was  made  for  any  stiffness  of 
the  staves. 

The  following  simple  formula  was  used  in  the  computations,  the 

diameter  of  the  pipe  being  taken  as  6  ft. ,  in  which  H  is  the  effective  head 

in  feet  at  any  iDoint,  N  is  the  number  of  bauds  required  for  a  length  of 

100  ft. 

,      ,  .      ^      ,       „      il  X  62.5  X  6  X  100        .   .^,  „ 

Then,  for  ^-m.  bands,  N  — ^-^7:7; ^ =  4.16  // 

'  4  500  X  2 

^     .         .  •        T.       1         AT        ^  X  <)2.5  X   6  X   100        o  Q      « 

and   tor   4-in.  bands,   JS  ^= „  _„„ t^ =  2.9    H 

6  500  X   2 

When  the  reservoir  is  full,  the  least  static  head  on  any  point  of  the 
wooden  pipe  will  be  55  ft.  and  the  greatest  117  ft.  Five-eighths-inch 
bands  are  used  for  heads  up  to  100  ft.,  and  f-in.  bands  for  greater 
pressures.  The  spacing  for  the  |-in.  bands  varies  from  b\  down  to  2f 
ins. ,  changing  by  differences  of  a  -4-  of  an  inch  between  5^  and  4  ins. , 
and  by  differences  of  \  in.  between  4  and  2^  ins.  The  spacing  of  the 
|-in.  bands  is  4  ins.  for  100  ft.  head,  which  is  gradually  reduced  by 
differences  of  i  in.  to  a  minimum  pitch  of  3^  ins.  By  thife  arrange- 
ment the  strain  on  the  metal  comes  within  ^%  of  being  the  same  on 
all  the  bands  used. 

The  only  other  detail  that  calls  for  comment  is  the  connection  of 
the  wooden  and  the  steel  pipes.  As  shown  in  Fig.  5  all  parts  are  of 
rolled  steel.  The  steel  pipe  enters  into  the  stave  pipe  for  a  length  of 
12  ins.,  and  is  securely  bolted.  Besides  this,  there  are  two  angle 
flanges,  one  of  which  is  riveted  to  the  steel  pipe,  while  the  other  con- 
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sists  of  loose  angle  irons  fastened  by  bolts.  There  is  a  packing  of 
tarred  biirlap  between  the  steel  rings  and  the  staves.  Six  connections 
of  this  kind  are  used  in  the  main  pipe,  one  each  at  the  upper  and 
lower  ends,  and  the  others  at  two  points,  where  the  alignment  made  it 
necessary  to  use  steel  elbows. 

Erection.— The  light  weight  of  the  separate  staves  and  bands  makes 
stave  pipe  specially  adapted  for  canon  work.  In  the  upper  jjart  of 
the  valley,  the  line  was  easily  reached  with  teams.  Further  down  it 
is  less  accessible,  and  at  the  mouth  of  the  caiion  a  cable-way  about 
1  000  ft.  in  length  supported  on  framed  towers,  was  built,  by  which 
a  large  amount  of  material  was  raised.  The  hoisting  engine,  the  lift- 
ing capacity  of  which  was  about  a  ton,  was  placed  at  the  bottom.  The 
incline  described  later  in  connection  with  the  bridge  work  also  served 
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Fig.  5. 
to  take  ui)  pipe  material.     A  light  track,  laid  in  the  trench,  was  used 
for  distributing  the  staves  and  bands. 

The  building  of  the  pipe  proceeded  at  a  number  of  different 
points  simultaneously,  and  at  one  time  there  were  seven  separate 
gangs  at  work,  laying  as  much  as  500  lin.  ft.  per  day.  In  the  lower 
portion  it  was  not  possible  to  work  at  more  than  two  or  three  places. 
Each  gang  consisted  of  about  twenty  men;  about  half  of  these  were  en- 
gaged in  putting  the  staves  together,  using  only  enough  bands  to  keep 
the  pipe  in  place.  The  rest  of  the  men  followed,  and  put  on  the 
full  number  of  bands.  They  were  cinched  back  afterwards  several 
times  with  short  wrenches,  so  as  to  obtain  a  proper  amount  of  tension 
without  crushing  the  fiber  of  the  wood. 

The  vertical  curvature  was  obtained  by  building  the  pipe  on  the 
sills,  properly  set  beforehand,  but  where  there  were  sharp,  horizontal 
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curves,  it  was  necessary  to  spring  the  partly  banded  pipe  by  means 
of  jacks.  It  was  then  held  in  place  by  blocking,  and,  after  being 
full  banded,  showed  no  tendency  to  return  to  a  straight  line.  In  as- 
sembling the  staves,  a  bent  piece  of  2-in.  pij^e  was  used  as  a  templet, 
but  the  vertical  diameter  was  made  slightly  greater  than  the  horizontal 
to  allow  for  settlement. 

The  whole  pipe,  except  the  i^arts  in  the  tunnels  and  on  the  bridges, 
was  covered  with  earth  to  a  depth  of  3  ft. 

The  amount  of  lumber  used  was  about  1  500  000  ft.  B.  M. ,  and  the 
total  weight  of  steel  in  bands  and  shoes  about  2  500  000  lbs. 


Fig.  6. 

Bridges. — There  are  nine  bridges  on  the  line  of  the  pipe,  of  which 
one  is  a  timber  trestle,  while  the  rest  are  built  of  steel.  Besides  these, 
all  of  which  carry  the  wooden  pipe,  there  are  a  few  short  culverts 
under  both  the  wood  and  the  steel  pipes. 

The  longest  span  is  the  bridge  which  carries  the  pipe  over  the  Ogden 
River,  at  the  only  jjlace  where  the  conduit  crosses  that  stream.  This, 
bridge  is  a  riveted  bowstring  girder  75  ft.  in  length.  The  top  chord 
forms  the  segment  of  a  circle,  with  a  75-ft.  radius,  while  the  lower 
chord  is  bent  to  an  arc  corresjjondiug  to  a  vertical  curve  of  6°. 
The  floor  beams  are  attached  to  verticals  4  ft.  3  ins.  apart.  The  dis- 
tance between  centers  of  girders  is  8  ft.  6  ins. 
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The  otlier  bridges  carry  the  pipe  line  over  lateral  ravines,  or  else 
were  built  in  place  of  masonry  retaining  walls  at  points  where  a  steel 
structure  was  cheajjer.  They  are  all  riveted  girders  with  a  single 
Warren  system  of  bracing  and  vertical  end  posts.  The  floor  beams 
are  shown  in  detail  in  Fig.  6.  They  are  fastened  to  vertical  angles  at 
every  4  or  5  ft. ,  so  as  to  support  the  stave  pii^e  at  frequent  intervals. 
The  distance  between  girders  is  8  ft.  6  ins.  throughout. 


Bridges  2,  3,  4  and  6  consist  of  two  girders  supported  on  masonry 
abutments.  The  only  interesting  feature  in  their  construction  arises 
from  the  fact  that  the  pipe  line  is  built  with  vertical  curvature,  so 
that  the  floor  beams  had  to  be  placed  at  different  elevations.  The 
tops  of  the  abutments  were  therefore  placed  at  such  an  elevation  that 
a  straight  line  connecting  the  bed  plates  is  parallel  to  the  chord  of  the 
vertical  arc.     The  offsets  from  this  chord  were  then  computed  for 
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every  floor  beam,  and  the  position  of  tlie  connecting  bolt  holes  in  each 
vertical  jjost  of  the  girders  determined  accordingly.  The  floor  beams 
themselves  remained  the  same  for  these  four  spans. 

The  line  at  bridge  5,  Fig.  7,  is  in  rock  and  on  a  side  hill.  At  the  center 
line  of  the  pipe  the  surface  of  the  ground  is  at  nearly  the  same  level  as 
the  bottom  of  the  pipe,  sloping  at  an  angle  of  50°  to  80°  at  either  side. 
A  masonry  retaining  wall  would  have  been  20  or  more  feet  in  height, 
with  considerable  rock  excavation  in  the  foundation.  It  was,  therefore, 
decided  to  use  a  steel  construction  instead.  The  latter  consists  of  a 
single  girder  55.5  ft.  long  over  all,  with  its  ends  resting  on  abutments, 
and  of  floor  beams  that  carry  the  pipe;  they  have  one  end  bolted  to 
the  girder,  the  other  end  being  supported  directly  on  the  rock  or  on 
small,  separate  piers  or  low  walls  built  on  the  rock. 

On  this  bridge  the  line  of  the  pipe  follows  a  7°  vertical  and  a  14° 
horizontal  curve.  In  order  to  conform  to  the  curved  horizontal  align- 
ment, it  was  necessary  to  vary  the  construction  of  each  floor  beam,  as 
the  center  of  the  pipe  support  had  to  be  i^laced  at  varying  distances 
from  the  girder.  The  vertical  curvature  was  maintained  by  varying 
the  points  of  attachment  of  the  floor  beams  to  the  girders,  as  described 
above. 

Bridge  0  consists  of  two  spans  34  ft.  each,  and  is  of  the  same  type 
as  bridge  5. 

Bridge  1  is  a  steel  trestle,  136  ft.  7  ins.  long,  consisting  of  three 
spans  of  33  ft.  3^  ins.  and  two  braced  towers  of  18  ft.  3i  ins.  The  end 
spans  are  supported  on  masonry  abutments,  while  the  tower  posts  rest 
on  low  piers. 

Detailed  jjlans  showing  all  dimensions  were  made,  and  bids  asked 
for  per  pound  of  finished  bridge  work,  f.  o.  b.,  Chicago. 

In  calculating  strains,  the  following  loads  were  used: 

Weight  of  water  in  pipe,  1  850  lbs.  per  lineal  foot. 
Weight  of  wooden  i)ipe,       350  "  "  " 


Total 2  200  " 

The  weight  of  the  steel  work  was  250  to  300  lbs.  per  lineal  foot. 
The  unit  strains  used  were  13  000  lbs.  per  square  inch  net  in  tension, 
and  about  8  000  lbs.  per  squai-e  inch  in  compression. 

Basic  open-hearth  steel  was  used,  which,  when  tested  in  sample  bars 
2  ins.  wide  and  10  ins.  between  grips,  met  the  following  requirements: 
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Ultimate  strength. .  .54  000  to  62  000  lbs.  j^er  square  inch. 

Elastic  limit 31  000  lbs.  per  square  inch. 

Elongation  in  8  ins . .  24  per  cent. 

Reduction  of  area.  .48         " 

Also  the  usual  bending  and  drifting  tests. 

All  mill  and  shop  work  was  inspected,  the  usual  specifications  for 
the  best  class  of  punched  work  being  followed;  but  the  holes  for  all 
field  connections  were  drilled  to  fit  turned  bolts. 

Erection  of  Bridges. — The  bridges  over  Ogden  River  and  bridge  0 
were  close  to  the  highway  and  readily  accessible.  The  other  spans 
were  located  in  the  rocky  part  of  the  canon,  from  200  to  500  ft.  above 
the  bottom.  The  side  slopes  were  too  steep  for  building  a  wagon  road, 
so  that  it  became  necessary  to  adopt  some  other  means  for  handling 
the  material.  An  inclined  plane  was  therefore  built  opposite  bridge 
1.  It  consisted  of  a  light  timber  trestle  work  which  crossed  the 
river  and  followed  the  sloping  rock  close  to  the  ground  at  an  average 
angle  of  fully  45°.  Ties  were  placed  about  3  ft.  apart,  and  a  light  steel 
railroad  track  laid  on  them. 

The  cars  containing  the  material  were  hoisted  by  means  of  a  f-in. 
steel  wire  cable  which  passed  around  a  sheave  securely  anchored  at 
the  top.  Two  horses  working  a  sweep  at  the  bottom  were  suflficient  to 
raise  a  maximum  load  of  3  000  lbs.  The  empty  cars  were  lowered  by 
braking.  The  whole  contrivance  cost  only  a  few  htiudred  dollars,  but 
served  to  hoist  most  of  the  bridge  steel,  besides  a  large  amount  of 
stave  lumber  and  bands  for  the  wooden  jtipe.  The  steel  for  bridge  6 
was  hoisted  by  the  cableway  elsewhere  referred  to. 

After  it  was  hoisted  to  the  top  the  material  was  distributed  by  cars 
moved  by  mules  along  the  light  railway  track  which  was  built  for  the 
wood  pipe  construction.  This  was  rather  tedious  work,  owing  mainly 
to  the  sharp  curves  in  the  line.  The  short  girders  18  and  34  ft.  long, 
came  from  the  shop  in  one  piece,  but  the  longer,  55-f t.  and  70-ft. ,  gird- 
ers Avere  shipped  in  three  pieces. 

For  erection,  light,  but  well-braced,  timber  falsework  was  used, 
which,  in  some  places,  was  30  to  40  ft.  high  and  rested  on  the  rock 
below.  Owing  to  its  steep  slope,  it  was  not  easy  to  find  a  good  sup- 
port for  the  bottom  sills,  and  for  one  or  two  bents  recourse  was  had 
to  blasting.  The  total  cost  of  erection,  considering  the  light  character 
of  the  work,  was  not  excessive,  being  barely  more  than  1    cent  per 
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pound.  There  was,  however,  no  field  riveting,  as  turned  bolts  were 
exclusively  used. 

The  erection  was  done  by  the  Pioneer  Electric  Power  Company  by 
day  labor,  as  the  steel  bridges  were  not  included  in  the  pipe  line 
contract. 

Timber  Trestle. — This  trestle  is  also  on  the  wooden  pipe  line,  but 
close  to  its  junction  with  the  steel  pipe.  The  material  used  was  Douglas 
fir,  with  the  sills  resting  on  masonry  piers. 


Fig.  8. 

Masonry  Abutments  and  Piers. — The  abutments  and  piers  for  the 
bridges  were  built  of  rubble  masonry  laid  in  cement  mortar.  The  stone 
was  quarried  close  to  the  bridge  sites,  and  consisted  of  unsquared 
stones.  No  attempt  at  regular  courses  was  made,  but  the  stones  were 
selected  and  laid  so  as  to  break  joints  horizontally  and  vertically. 
English  or  German  Portland  cement  was  used  for  mortar  in  the  pro- 
portion of  one  part  of  cement  to  three  parts  of  sand.  The  exposed 
surface  joints  were  pointed  with  cement  mortar,  and  no  projecting 
points  or  irregular  edges  were  allowed. 
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Valves  and  Other  Specials.  — Between  the  inlet  tower  at  the  dam  and 
the  power  house  there  are  five  large  gate  valves,  besides  the  smaller 
blow-oflf  and  relief  valves.  Three  of  these  valves  are  72  ins.  in  diame- 
ter, and  the  other  two  42  ins. 

Two  of  the  72-in.  valves  are  placed  in  the  gate-house  just  below  the 
dam,  shown  in  Fig.  8.  These  two  valves  are  identical  in  construction. 
They  are  horizontal  valves,  with  double  gates.  There  are  two  separate 
stems  which  are  geared  together  and  are  operated  by  a  hand-wheel.  As 
the  gates  of  these  valves  are  very  heavy,  each  gate  has  two  bronze  disks 
or  wheels  placed  on  the  lower  side,  jjreceded  and  followed  by  a  solid 
bronze  scraper  or  track  cleaner.  These  wheels  run  on  a  bronze  track 
fastened  to  the  case  of  the  valve,  and  the  scraper  coming  close  to  the 
tracks  keeps  them  clear  of  mud  and  other  obstructions,  and  allows  the 
wheels  to  hug  the  track  closely  and  prevent  the  binding  of  the  gates. 
These  valves  were  designed  to  withstand  a  maximum  water  pressure  of 
25  lbs.  per  square  inch  and  weigh  about  22  000  lbs.  each.  As  the  gate- 
house was  nearly  7  miles  from  the  end  of  the  side  track,  they  were 
shij^ped  in  sections  and  put  together  on  the  ground.  Although  the 
manufacturers  feared  that  the  valve  seats  might  be  injured  in  transit,  it 
is  believed  that  no  damage  was  done,  and  the  gearing  was  satisfactorily 
adjusted. 

The  third  72-in.  valve  is  placed  near  elbow  2  of  the  steel  pipe  line, 
about  100  ft.  below  its  junction  with  the  wooden  pipe.  Its  purpose  is 
to  permit  the  closing  of  the  wood  pipe,  so  that  it  can  be  kept  full  of 
water  even  when  the  steel  pipe  is  empty.  The  hydrostatic  head  at  this 
point  is  nearly  200  ft.  The  valve  was  designed  for  a  pressure  of  100  lbs. 
per  square  inch.  The  construction  of  a  valve  of  this  size  and  pressure 
was  almost  unprecedented.  In  general  arrangement,  it  is  similar  to 
the  lighter  valves  previously  mentioned,  but  all  parts  are,  of  course, 
much  heavier,  and  there  is  only  a  single  valve  stem.  It  has  a  12-in. 
by-pass,  and  is  operated  by  a  hydraulic  lift  supplied  with  pressure 
water  from  the  main  pipe  above  the  valve. 

It  is  8  ft.  high,  and  4  ft.  from  face  to  face  of  flanges,  and  its  ex- 
treme length,  including  the  flanges,  is  24  ft.  6  ins.  The  hydraulic  lift 
cylinder  is  lined  with  bronze  to  prevent  corrosion,  the  spindle  within 
it  being  steel  with  a  bronze  casing  4^  ins.  in  diameter.  The  valve  stem 
proper  is  made  of  the  best  bronze.  This  valve  is  fitted  with  the  bronze 
scraper  wheels  and  track  already  described. 
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The  site  of  this  valve  was  only  three-quarters  of  a  mile  from  the 
railroad  siding,  but  fully  300  ft.  above  it,  and  accessible  only  by  such 
temijorary  roadways  as  had  been  constructed  for  building  the  pipe 
line.  The  total  weight  of  this  valve  is  52  000  lbs.  It  was,  of  course, 
shipped  in  sections,  but  it  was  found  impossible  to  reduce  the  weight 
of  the  heaviest  single  piece  below  20  000  lbs.  Transporting  such  large 
masses  was,  of  course,  slow  and  difficult,  and  twenty-four  horses  were 
required  to  move  the  heaviest  piece.  The  valve  was,  however,  safely 
transpoi'ted  and  put  together  without  accident.  It  is  believed  to  be 
the  heaviest  valve  yet  built. 

The  foundations  for  these  valves  were  concrete  blocks,  carried  down 
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Fig.  9. 


3  to  5  ft.  to  a  solid  gravel  bottom.  They  were  made  wide  enough  to 
suppoi-t  the  ends  of  adjacent  pipe  sections,  so  as  to  relieve  the  cast- 
iron  end  flanges  of  the  valves  of  strain.  The  permissible  pressure  on 
the  soil  was  taken  at  1  000  lbs.  per  square  foot. 

Besides  these  large  valves,  there  are  two  smaller  ones  42  ins.  in 
diameter,  which  are  placed  between  the  lower  end  of  the  6-ft.  pipe 
and  the  power  house  on  the  two  branches  that  lead  to  the  receivers. 
These  branch  pipes  are  54  ins.  in  diameter,  their  general  construction 
being  the  same  as  that  of  the  larger  pipes.  They  are  reduced  to  42 
ins.  by  the  introduction  of  the  Venturi  meters,  thus  permitting  the  use 
of  the  smaller  valves.     These  valves  were  tested  to  400  lbs.  pressure 
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per  square  incla.  Their  general  arrangement  is  the  same  as  that  of 
the  larger  valves.  They  have  two  sejDarate  stems  and  are  moved  by 
hand  gearing. 

The  connection  between  all  the  valves  and  the  steel  conduit  is 
made  by  weldless,  rolled  steel  angle  flanges.  One  leg  is  riveted  to  the 
pipe  by  a  double  row  of  l^-in.  rivets,  and  the  other  is  bolted  to  the 


Fig.  10. 

flange  of  the  valve.  Corrugated  copper  gaskets  and  red  lead  are  used 
to  make  this  connection  water  tight.  The  location  of  these  valves  and 
of  the  Venturi  meters  is  shown  in  Fig.  9. 

Venturi  Meters. — The  flow  of  water  is  to  be  measured  continuously 
by  two  Venturi  meters,  one  in  each  of  the  branch  pipes  supplying 
the  receivers.     They  are  built  of  cast  iron  for  a  pressure  of  250  lbs. 
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per  square  inch,  the  sections  being  connected  by  flanges  and  bolts. 
The  registers  are  of  the  latest  type  made,  in  which  weights  are  used  for 
operating  the  mechanism.  They  are  placed  inside  of  the  power  house 
and  are  connected  with  the  meters  by  |-in.  seamless  brass  tubing. 
The  registers  will  record  the  flow  from  a  minimum  of  15  cii.  ft.  per 
second  to  a  maximum  of  130  cu.  ft.  If  the  flow  exceeds  130  cu.  ft.,  it 
will  pass  the  meter  without  injuring  it,  but  the  excess  will  not  be 
recorded. 


Fig.  11. 

Breeches  Pipe. — The  connection  between  the  72-in.  steel  pipe  and  the 
two  54-in.  branches  is  made  by  a  steel  casting,  the  general  appearance  of 
which  is  shown  in  Fig.  10.  The  pressure  at  this  point  is  nearly  200  lbs. 
per  square  inch.  Connection  with  the  steel  pipes  is  made  by  cast-steel 
angle  flanges  and  bolts.  A  heavy  concrete  block  is  built  around  the 
casting,  to  secure  it  against  the  heavy  longitudinal  pressure,  and  to  re- 
lieve the  flanges  and  the  adjacent  pipe  sections  from  strain. 
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Outlet  Shdft  and  Stand  Pipe. — At  Station  24:7,  the  pipe  line  is  in  tun- 
nel and  but  little  below  the  lower  hydraulic  grade  line,  and  about  50  ft. 
below  the  surface  of  the  ground.  This  point  was  selected  for  the  loca- 
tion of  an  outlet  shaft.  It  is  6  ft.  in  diameter,  and  was  sunk  from  the 
top  through  the  solid  rock  to  connect  with  the  tunnel.  With  a  full 
reservoir  the  top  of  the  shaft  comes  close  to  the  upper  hydraulic  grade, 
if  the  virtual  slope  is  assumed  equal  to  0.002.  The  pressure  in  the 
pipe  below  the  shaft  can  never  exceed  that  due  to  the  head  of  water 
corresponding  to  the  top  of  the  shaft.  This  reduces  the  static  head, 
on  the  lower  part  of  the  pipe  line,  about  50  ft.  In  case  the  lower 
valves  near  the  power  house  are  closed,  this  shaft  will,  of  course,  over- 
flow until  the  inlet  valves  at  the  dam  are  closed.     A  further  important 


Fig.  12. 

function  of  the  shaft  is  to  act  as  a  relief  outlet  in  case  of  accident  to 
the  lower  part  of  the  pipe  line. 

This  shaft  is  not  lined,  but  connects  du'ectly  with  the  tunnel  below. 
The  wooden  pipe  in  this  tunnel  is  left  out  for  a  distance  of  about  100 
ft.,  the  pipes  being  connected  to  the  tunnel  by  steel  angle  rings  and 
flanges  similar  to  those  used  for  joining  the  steel  and  wooden  pipes, 
and  are  bedded  in  concrete. 

In  addition  to  this  shaft,  a  stand-pipe  was  built  which  connects 
with  the  6-ft.  steel  conduit  just  below  its  junction  with  the  wooden 
pipe,  and  a  short  distance  above  the  heavy  72-in.  valve.  This  stand- 
pipe  is  a  wooden  stave  pipe,  49  ins.  in  internal  diameter,  built  of  twenty- 
four  staves  and  banded  in  the  same  way  as  the  6-ft.  pipe.     It  is  laid  on 
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a  tangent  and  follows  the  contour  of  the  ground  up  to  the  hydrostatic 
grade  line.  It  is  550  ft.  long,  and  is  intended  mainly  to  act  as  a  safety 
valve  in  case  the  large  valves  below  should  be  too  suddenly  closed,  or 
in  case  of  a  collai^se  of  the  pipe. 

These  two  relief  openings  will  always  permit  the  water  to  rise  freely 
to  the  levels  corresponding  to  the  pressure  at  the  points  where  they 
leave  the  main  conduit.  As  the  pipe  is  of  practically  constant  diam- 
eter and  of  the  same  construction  from  the  dam  to  the  lower  stand 
pipe,  there  will  be  an  excellent  chance  for  determining  the  true  co- 
efficient of  friction  in  the  wooden  pipe  for  different  velocities  of  flow. 


Ai7-  FaZtJes.— These  are  of  two  kinds:  single  valves,  6  ins.  in  diameter, 
Fig.  11,  and  ' '  gi'oup  valves, "  consisting  of  ten  2-in.  valves  in  each  group, 
which  are  closed  by  rubber  balls,  giving  an  aggregate  area  equal  to  a 
single  6-in.  opening;  besides  this,  they  have  a  li-in.  blow-oflf  valve. 

During  the  process  of  filling  the  pipe  with  water  all  these  valves 
remain  open,  allowing  the  air  to  escape,  until  the  water  pressure  closes 
the  valves  one  after  the  other.  When  the  pipe  is  to  be  emptied,  the  re- 
verse process  takes  place,  the  valves  opening  as  the  water  flows  out, 
thus  permitting  the  air  to  enter  as  fast  as  the  water  escapes.  A  6-in. 
gate  valve  was  placed  between  the  air  valves  and  the  main  pipe.     This 
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gate  is  intended  to  be  left  open  under  normal  conditions,  being  closed 
only  in  case  of  damage  to  the  air  valve.  These  air  valves  are  placed 
at  all  summits  on  the  wooden  and  steel  pipes. 

Bloif-Off  or  Mud  Valves. — These  are  placed  at  all  depressions  in 
the  pipe,  both  for  emptying  the  pipe  and  also  for  removing  accumula- 
tions of  sand,  earth  and  other  foreign  matters.  They  consist  of  6-in. 
angle  gate  valves,  through  which  the  water  is  discharged  into  small 
timber  flumes  laid  in  covered  trenches,  and  leading  to  the  river. 

To  guard  against  injury  from  the  sudden  closing  of  valves,  etc., 
a  number  of  relief  or  safety  valves  are  used  close  to  the  j^ower  house, 
which  allow  water  to  escape  when  the  pressure  exceeds  200  lbs.  per 
square  inch.  Five  of  these  valves  are  placed  on  the  6-ft.  pipe  just 
above  the  breeches  pipe,  five  on  each  of  the  receivers,  and  one  on  each 
intake  pipe  between  the  receivers  and  wheels. 

The  large  valves  are  enclosed  in  gate-houses  of  masonry  and  frame 
construction,  large  enough  to  protect  them  from  the  weather  and  allow 
of  their  operation.  The  smaller  valves  and  the  manholes  are  covered 
by  timber  boxes  to  protect  them  from  frost  and  accidental  dis- 
turbance. 

Hydeatxlic  and  Electric  Machineey. 

For  the  following  description  of  the  hydraulic  and  electric  ma- 
chinery, the  author  is  indebted  to  Mr.  L.  S.  Boggs,  the  electrical  en- 
gineer of  the  Pioneer  Electric  Power  Company,  in  charge  of  its 
erection.  A  i^lan  and  transverse  section  of  the  jjower  house  are  shown 
in  Figs.  12  and  13. 

The  installation  comprises  the  following  apparatus:  Five  750-K.  W. 
polyjjhase  2  300-volt  generators;  two  100-K.  W.  direct-current  500-volt 
exciters;  five  1  200-H.-P.  Knight  water-wheels;  two  135-H.-P.  Knight 
water-wheels;  one  7-panel  generator  switchboard;  one  12-panel  dis- 
tributing switchboard;  nine  250-K.  W.  step-up  transformers;  two 
blowers  or  cooling  outfits;  one  15-ton  traveling  crane;  two  Venturi 
water  meters. 

Receivers. — As  noted  in  the  general  description  of  the  works,  the 
water  is  delivered  from  the  pipe  conduit  into  two  receivers,  which  are 
buried  in  the  ground,  one  at  either  side  of  the  power  house.  They 
are  6  ft.  in  diameter,  and,  in  their  general  appearance  and  the  material 
used,  closely  resemble  the  regular  steel  pipe  conduit.  It  may  be 
noted,  however,  that  the  thickness  of  the  metal  is  increased  to  |^  in.  in 
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order  to  allow  for  water-liammer.  Besides  this,  the  edges  of  all  plates 
and  straps  were  planed,  and  the  rivet-holes  reamed  out  fully  ^  in. 
after  punching. 

The  receivers  are  provided  with  five  safety  valves  each,  which  dis- 
charge when  the  pressure  exceeds  200  lbs.  per  square  inch,  and  an 
oiitlet  gate  at  the  bottom.  From  each  of  these  receivers,  five  30-in. 
and  one  10-in.  intake  pipes  extend  to  the  walls  of  the  power  house  to 
connect  with  the  water-wheel  nozzle  pipes.  Between  these  intakes 
and  the  nozzle  pipes  are  placed  the  following  valves,  in  order  named: 
One  18-in.  geared  gate  valve,  one  18-in.  hydraulic  gate  valve,  and  one 
18-in.  butterfly  valve. 

The  18-in.  geared  gate  valve  is  only  to  be  used  in  case  of  repairs  to 
the  particular  machine  that  it  governs,  and  is  left  oj^en  on  all  other  oc- 
casions. The  18-in.  hydraulic  gate  valve  is  piped  up  to  a  small  D  valve, 
which  is  placed  back  of  the  switchboard  and  under  the  floor,  and  by 
means  of  a  lever  on  the  switchboard,  connected  to  this  D  valve,  the  gate 
can  be  opened  or  closed  at  the  operator's  will.  This  valve  is  the  one 
which  is  to  be  used  for  starting  or  stojaping  a  wheel.  The  18-in.  butter- 
fly valve  is  operated  by  means  of  a  worm  gear  from  the  governor,  and  is 
used  in  checking  the  speed  of  the  wheel  by  reducing  the  head  or  pressure 
near  the  nozzle,  and  thus  avoiding  a  sudden  fall  of  head  in  the  main  pijae 
line,  which  woiild  be  detrimental  to  the  proper  working  of  the  jilaut. 

The  nozzle  for  the  water-wheels  has  six  rectangular  openings  or  jjorts 
ly^  X  S^  ins.  in  area.  This  nozzle  is  bolted  to  a  taj^ering  cast-iron  pipe, 
securely  fastened  to  the  base  of  the  machine,  and  the  ports  in  the  noz- 
zle are  made  continuous,  with  a  separation  between  each  of  them  3  in. 
thick.  Sliding  back  of  the  jjorts  in  this  nozzle  is  a  tongue,  connected 
to  the  jjiston  rods  of  two  hydraulic  cylinders  which  are  placed  one  on 
each  side  of  the  head  of  the  nozzle.  These  hydraulic  cylinders  are 
pij^ed  to  another  D  valve,  under  the  floor,  back  of  the  switchboard, 
which  is  also  controlled  by  a  lever  on  the  switchboard.  The  operator 
is  thus  enabled  to  close  one  or  more  of  the  nozzle  ports  as  he  may 
desii-e.  On  the  opposite  side  of  the  water-wheel  from  these  hydraulic 
cylinders  is  a  hand-wheel,  which  is  geared  to  a  rack  that  moves  a  simi- 
lar tongue  for  opening  or  closing  the  nozzle  ports  on  its  extreme  end. 
The  levers  that  operate  the  hydraulic  gate  and  nozzle  are  j^laced  near 
the  toji  of  the  switchboard.  The  set  of  levers  for  each  water-wheel 
is  placed  in  the  panel  governing  the  generator  which  is  driven  by  the 
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wheel  in  question,  so  that  the  operations  required  in  starting  or  stop- 
ping these  machines  are  reduced  to  a  minimum. 

There  is  also  between  these  levers  an  indicator  with  two  hands,  one 
showing  the  movement  of  the  hydraulic  gate  and  the  other  that  of 
the  nozzle. 

Wafer-  Wheels. — The  water-wheels  are  58  ins.  in  diameter,  and  have 
45  bronze  buckets  cast  in  one  solid  piece;  14  of  these  will,  when  the 
nozzle  ports  are  all  oj^en,  receive  the  water  at  the  same  instant.  The 
centers  of  the  wheels  are  made  of  cast  steel,  the  buckets  being  pressed 
on  these  steel  centers,  and  secured  with  turned  bolts,  fitted  in  reamed 
holes,  passing  through  both  pieces  of  metal.  These  wheels  were  bored 
to  fit,  and  are  keyed  to  the  generator  shaft,  each  wheel  being  faced 
and  perfectly  balanced. 

Each  water-wheel  is  provided  with  two  fly-wheels,  about  70  ins.  in 
diameter,  each  of  which  weighs  about  2  tons,  and  is  placed  inside  of  a 
housing  on  each  side  of  the  wheel.  These  fly-wheels  are  banded  with 
f  X  5-in.  Ulster  iron,  shrunk  on  hot.  They  are  split  in  three  parts 
and  are  filled  with  metal,  banded,  bored  to  fit,  and  keyed  to  the  gen- 
erator shaft.     They  are  turned  on  the  face  and  nicely  balanced. 

The  armature,  armature  shaft,  two  fly-wheels  and  one  water-wheel, 
which  comprise  the  moving  parts,  weigh  as  much  as  15  tons,  which 
greatly  helps  in  maintaining  a  uniform  speed,  notwithstanding  changes 
of  head  in  the  main  pipe,  or  changes  in  the  generator  load. 

The  water-wheel,  fly-wheels,  nozzle  and  the  two  hydraulic  cylin- 
ders are  encased  in  a  steel  housing,  bolted  to  the  machine  bed-frame. 
On  the  top  of  this  housing  is  jilaced  the  speed-regulating  apparatus 
or  governor,  which  is  driven  from  the  water-wheel  end  of  the  armature 
shaft  and  is  geared  to  the  shaft  of  the  worm  gear  which  operates  the 
butterfly  valve  already  referred  to.  There  is  also  a  hand  lever  on  the 
shaft  of  this  butterfly  valve  that  is  used  in  regulating  the  opening 
until  the  governor  picks  up,  as  in  the  starting  of  a  machine. 

Between  the  two  lines  of  machines  and  down  through  the  center  of 
the  building  underneath  the  concrete  floor  is  the  spillway  into  which 
the  wheels  discharge  the  water,  and  through  which  the  water  is  carried 
back  to  the  river  from  which  it  was  taken. 

On  each  side  of  the  plant,  near  the  generator  switchboard  and 
facing  each  other,  are  the  registers  for  the  two  Venturi  water  meters 
elsewhere  described. 
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Generators. — The  generators  used  in  this  plant  are  of  the  General 
Electric  type,  with  24  poles,  and,  at  300  revolutions  per  ^linute,  have 
an  output  of  750  K.-W.  at  2  300  volts,  and  a  frequency  of  60  cycles  per 
second,  and  the  factory  tests  show  that  the  variation  in  volts  will  be 
less  than  b%  with  a  constant  speed,  should  the  full  non-inductive  load 
be  thrown  off  or  on. 

The  bed  plates  of  the  generators  were  filled  with  cement  after  they 
were  leveled  up  and  securely  anchored  to  their  respective  foundations. 
Between  the  machine  foundations  and  the  building  foundation  wall,  on 
each  side  of  the  building,  is  a  subway  which  riins  the  entire  length  of 
the  building  and  across  the  rear,  and  in  this  subway  are  carried  all  the 
necessary  piping  for  water-wheel  controllers  and  all  the  wires  between 
the  generators  and  the  switchboai-ds.  The  cable  connecting  each 
generator  to  its  respective  panel  on  the  generator  switchboard  is  a  three- 
wire  concentric  250  000  C.  M.  lead-covered  cable,  and  the  exciting  wires 
are  a  two- wire  concentric  No.  4  B.  &  S.  lead-covered  cable.  In  fact,  all 
the  machine  connections  to  the  switchboard  are  leadcovered  cables. 

Exrdters. — The  exciters  used  in  this  jilant  are  six-pole  500-volt  ma- 
chines, and  will  give  100  K.-W.  at  550  revolutions  per  minute.  Each 
of  these  machines  is  ample  for  the  entire  exciting  current  that  will  be 
needed  for  the  ten  750-K.-W.  alternators,  and  they  are  each  direct 
connected  to  a  135-H.-P.  Knight  water-wheel  similar  in  every  way  to 
the  1  200-H.-P.  water-wheels  previously  described.  These  exciter 
water-wheels  are  cross-connected  to  each  receiver,  so  that  either  exciter 
can  be  operated  from  either  receiver.  The  advantage  of  this  is  self 
explanatory. 

Switchboards. — The  generator  switchboard  consists  of  seven  marble 
panels;  five  of  these  are  for  the  alternators,  one  for  the  exciter,  and 
one  the  instrument  panel. 

Each  generator  panel  has  the  following  ajaparatus  on  it  :  One  150- 
volt  Thomson  alternating  voltmeter  ;  one  1  000  K.-W.  Thomson  alter- 
nating wattmeter  ;  one  25-ampere  Weston  ammeter  ;  three  S.  P.  Quick 
Break,  D.  T.,  2  300- volt,  200-ampere  switches  ;  three  S.  P.,  2  300-volt, 
200-ampere  fuse  boards  ;  two  S.  P.,  Q.  B.,  D.  T.,  600-volt,  30-ampere 
switches  ;  one  field  rheostat  ;  two  pilot  lamps  ;  one  station  transformer; 
three  current  transformers  ;  two  sets  three-phase  bus-bars. 

The  exciter  panel  is  equipped  with  the  following  apparatus  :  Two 
600-volt  Weston  voltmeters  ;  two  300  ampere  Weston  ammeters  ;  two 
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pilot  lamps  ;  two  S.  P.,  Q.  B.,  D.  T.,  600-volt,  200-ampere  switches  ;. 
four  S.  P. ,  600-volt,  200-ampere  magnetic  cut-outs  ;  two  field  switches  ; 
two  Cari^enter  enamel  field  rheostats. 

The  instrument  panel  has  the  following  apparatus  :  Two  pilot 
lamps;  two  5  OOO-K.-W.  Thomson  alternating  wattmeters;  two  130- 
volt  Bristol  recording  volt  meters  ;  one  Bristol  recording  water-press- 
ure gauge ;  one  synchronizer  with  two  plug  boards  ;  one  ground  de- 
tector with  two  plug  boards  ;  two  station  transformers  ;  eight  current 
transformers. 

These  panels  are  36  x  90  x  2  ins.  each.  They  are  built  of  blue  Vermont 
marble,  with  nickel  fittings.  There  are  two  sets  of  three-phase  bus- 
bars on  the  back,  extending  the  entire  length  of  the  seven  panels,  as 
well  as  two  bus-bars,  also  running  their  entire  length,  from  which  the 
exciting  current  is  taken. 

The  speed-indicating  apparatus  consists  of  a  tachometer  coupled  to 
the  shaft  of  a  small  synchronous  motor;  there  are  two  of  these. 

From  the  generator  switchboard  the  current  is  carried  to  the  dis- 
tributing board  by  means  of  copper  bars,  of  which  there  are  two  sets 
of  three,  connecting  the  two  sets  of  bus-bars  on  the  generator  board 
with  the  two  sets  of  bus-bars  on  the  primary  panels  of  the  distributing 
board. 

The  distributing  switchboard  is  in  a  gallery  in  the  rear  of  the  build- 
ing and  over  the  generator  switchboard.  Back  of  this  distributing 
switchboard  are  the  nine  250-K.-W.  step-up  transfoi'mers,  the  light- 
ning arresters,  and  the  two  blowers  for  cooling  the  transformers. 

The  distributing  board  is  divided  into  two  sections,  one  the  primary 
section,  and  the  other  the  secondary  section.  Each  section  has  six 
panels.  In  the  primary  section,  four  of  the  panels  are  for  the  low  side 
of  the  step-up  transformers,  the  remaining  two  being  for  the  local  dis- 
tribiiting  lines  in  the  vicinity  of  the  power  plant.  In  the  secondary 
section,  four  of  the  panels  are  for  the  high  side  of  the  step-up  trans- 
formers, and  two  for  the  long-distance  transmission  lines. 

The  2  300-volt  primary  panels  are  each  equipped  with  the  following 
apparatus  :  Thi-ee  350-ampere  Thomson  alternating  ammeters  ;  one 
Thomson  recording  wattmeter;  three  S.  P.,  Q.  B.,  D.  T.,  2  300-volt, 
200-ampere  switches;  three  S.  P.,  2  300-volt,  200-ampere  fuse  boards; 
three  station  transformers;  two  current  transformers;  two  sets  three- 
phase  bus-bars. 
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The  16  100-volt  secondary  panels  have  on  them  three  S.  P. ,  Q.  B. , 
D.  T.  switches;  three  plug  tube  cutouts  and  two  sets  of  three-phase 
bus-bars.  The  length  of  this  distributing  switchboard  is  39  ft. ,  and  it 
is  built  of  blue  Vermont  marble. 

Back  of  the  distributing  switchboard  and  on  a  raised  platform  are 
placed  the  stej^-up  transformers.  These  transformers  raise  the  poten- 
tial of  the  current  from  2  300  to  16  100  volts,  at  which  pressure  it  goes 
into  the  long-distance  transmission  lines.  The  transformers  are  con- 
nected up  in  sets  of  three,  and  the  delta  connection  is  used  on  both 
sides.  At  each  end  of  the  biiildiug  in  the  gallery  are  placed  the  two 
blowers,  direct  connected  to  a  2^-H.  P.  500-volt  direct-current  motor. 
These  blowers  are  used  in  cooling  the  step-up  transformers,  and  force 
the  air  up  through  the  bottom  of  the  transformers,  around  the  coils, 
and  out  at  the  top,  thus  giving  good  ventilation. 

Transmisiiion  Line. — The  transmission  line  is  calculated  to  deliver 
about  3  000  H.  -P.  at  the  siib-station  in  Salt  Lake  City,  distant  about 
38  miles,  and  consists  of  two  circuits,  making  six  wires  of  No.  1,  B.  & 
S.  gauge. 

The  poles  used  on  this  line  are  of  Oregon  cedar,  and  are  good,  clear, 
straight  poles,  30,  40,  50  and  70  ft.  long,  with  9-in.  and  10-in.  tops. 
There  are  two  cross-arms  on  each  pole  for  the  wire;  two  wires  are  on 
the  top  arm  4  ft.  aj^art,  and  four  wires  on  the  bottom  arm  each  2  ft. 
apart,  a  circuit  being  on  each  side  of  the  pole;  and  these  wires  are  so 
arranged  that  should  a  plane  be  ijlaced  perpendicular  across  the  cir- 
cuit it  would  show  an  equilateral  triangle,  with  a  wire  at  each  angle, 
the  length  of  the  sides  being  2  ft.  These  wires  are  transposed  about 
every  half  mile.  By  this  arrangement  of  the  iJole  line  wire,  the  induc- 
tive effect  is  reduced  to  a  minimum. 

About  6  ft.  below  the  second  cross-arm  on  the  pole  is  a  two-pin 
cross-arm,  on  which  the  telephone  wires  are  strung,  being  transposed 
about  every  four  j^oles,  there  being  an  average  of  about  50  poles  per 
mile. 

The  current  is  fed  into  the  transmission  line  at  the  i)Ower  plant  at 
16  100  volts,  and  delivered  to  the  step-down  transformers  at  13  800 
volts.  This  will  give  an  energy  loss  of  about  10%  in  the  line,  and  a 
potential  loss  of  about  14  jier  cent.  The  substation  step-down  trans- 
formers deliver  this  current  to  the  local  distributing  lines  again  at  2  300 
volts.     There  are  at  present  nine  250-K.-W.  step-down  transformers  at 
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the  substation,  connected  in  a  way  similar  to  the  step-up  transformers, 
and  the  switchboard  in  the  substation  is  similar  in  every  respect  to 
the  distributing  board  in  the  iDower  plant  gallery.  The  cooling  appa- 
ratus here  is  also  identical  with  that  used  in  the  power  plant,  except 
that  the  motors  used  here  are  60-cycle  induction  motors. 

While  the  transmission  lines  are  at  present  capable  of  delivering 
3  000  H.  -P.  at  the  substation,  with  a  10^  energy  loss,  if  it  should  be- 
come necessary,  the  step-uj?  transformers  can  deliver  more  than  this 
by  changing  three  wires  on  their  high  side,  and  delivering  the  current 
into  the  transmission  lines  at  27  000  volts.  Thus  the  line  capacity  would 
be  more  than  doubled. 

The  present  installation  of  the  power  plant  is  only  capable  of  de- 
livering 3  750  K.-W.  to  its  lines,  but  ample  provision  has  been  made 
to  increase  this  amount  to  7  500  K.-W.  by  installing  five  more  750 
K.-W.  machines,  as  new  industries  or  manufactures  spring  uj)  as  the 
result  of  the  advantages  offered  to  them  in  Ogden  and  Salt  Lake  City. 

There  is  one  important  feature  in  the  arrangement  of  the  machinery 
which  should  be  noticed,  viz.,  the  complete  duplication  of  all  parts.  All 
jDortions  of  the  plant  below  the  breeches  pipe  casting,  at  the  lower 
end  of  the  6-ft.  conduit,  are  absolutely  symmetrical  about  the  center 
line  of  the  power  house,  each  side  being  entirely  independent  of  the 
other.  This  applies  not  only  to  the  pipe  and  the  receivers,  but  to  all 
parts  of  the  switchboards,  etc.,  as  well  as  to  generators  and  water- 
wheels.  Either  one  of  the  exciters,  also,  is  capable  of  providing  suffi- 
cient current  for  all  the  large  generators,  and  can  be  run  with  water 
from  either  receiver.  The  advantage  of  this  arrangement  is  that  an 
accident  to  either  receiver,  or  to  one  or  more  wheels  or  generators, 
would  not  result  in  the  shutting  down  of  the  entire  plant,  but  at  the 
worst  of  only  one  side.  For  a  short  period  all  the  required  power 
could  probably  be  sujDplied  from  one  side  of  the  power  house. 

Machine  Shop. — The  machine  shop  is  a  one-story  brick  buildiag, 
covered  with  a  standing  seam  steel  roofing.  The  central  part  of  the 
building  is  occupied  by  a  well-equipped  machine  shop,  while  two  wings 
serve  respectively  as  a  store-room  and  a  superintendent's  office. 

The  Dam. 

The  general  location  of  the  dam  was  determined  by  the  topography 
of  the  upper  valley,  but  it  required  considerable  study  to  fix  its  exact 
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site.  A  number  of  borings  were  made  to  the  bed-rock,  and  the  latter 
was  explored  with  a  diamond  drill  to  a  depth  of  from  3  to  15  ft.  The 
location  chosen  combines  the  advantages  of  a  short  dam  with  a 
comparatively  high  position  of  the  bed-rock.  The  cross-section  is 
shown  on  the  general  plans  of  the  dam,  Fig.  14. 

The  bed-rock  underlying  the  bottom  is  of  fairly  compact  limestone, 
covered  by  35  to  45  ft.  of  loose  water-bearing  gravel.  On  the  sides  of 
the  canon  there  are  outcrops  of  the  same  formation.  The  crest  of  the 
dam  is  about  400  ft.  long  and  its  elevation  above  the  ground  about 
60  ft.,  making  a  total  height  of  fully  100  ft.  above  the  bed-rock.  An 
inexisensive  form  of  waste  water-way  is  ijrovided  by  excavating  the 
solid  rock  of  the  north  bank,  so  that  the  dam  itself  is  not  used  as  an 
overflow  weir. 

The  inlet  tower  for  supplying  the  conduit  will  be  placed  close  to 
the  south  end  of  the  dam. 

Although  the  location  is  entii-ely  favorable  to  the  construction  of 
a  masonry  dam  of  the  usual  form,  and  the  cost  would  not  be  excessive, 
it  was  determined  to  inquire  into  the  feasibility  of  adopting  some 
different  design  by  which  a  saving  might  be  expected.  The  idea  Fas 
entirely  excluded,  however,  of  doing  so  at  the  expense  of  either  safety 
or  durability,  by  making  a  lower  assumption  as  to  the  forces  to  be 
resisted,  or  the  necessary  factors  of  safety.  It  was  believed,  however, 
that  it  would  be  possible  to  reduce  the  amount  of  masonry  required 
by  adopting  a  design  in  which  the  stresses  coming  on  every  i^art  would 
be  more  uniform  and  definite  than  in  massive  dams,  so  that  the 
strength  of  the  material  would  be  more  fully  utilized.  Following  out 
this  line  of  investigation,  a  number  of  different  designs  were  studied 
in  detail. 

The  plan  finally  adopted  provides  for  a  concrete  dam  consisting  of 
isolated  piers  united  by  segmental  arches.  Both  in  the  quantity  of 
material  used  and  the  cost  of  construction  it  promises  to  be  consid- 
erably cheajDer  than  a  dam  of  the  usual  type.  It  is  believed,  too,  to 
meet  all  necessary  requirements  as  to  strength,  water-tightness  and 
durability.  The  statement  as  to  the  saving  in  cost  is  based  on  the 
result  of  an  actual  bidding  made  by  a  number  of  experienced  con- 
tractors on  detailed  plans  and  specifications.  While  the  bids  diflfered 
largely  as  to  the  actual  amounts,  they  were,  in  every  case,  considerably 
lower  than  the  tenders  for  a  masonry  dam  which  were  made  at  the 
same  time. 
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In  addition  to  this  design,  the  question  was  studied  of  siibstituting 
a  steel  structure  for  the  upper  60  ft.  of  dam.  Although,  under  the 
conditions  prevailing  in  Ogden  Canon,  a  steel  dam  proved  to  be  un- 
economical, there  may  be  places  where  the  result  would  be  different. 
For  this  reason  some  forms  of  steel  dams,  given  in  Appendix  B,  may  be 
of  some  interest. 

Concrete  Dam. — ^The  dam  consists  of  concrete  masonry,  but  a  thin 
steel  plate  covering  is  bolted  to  the  up-stream  face  to  prevent  abrasion 
and  the  percolation  of  water.  As  shown  in  Fig.  14  there  are  to  be  six 
separate  piers  and  two  abutments,  which  are  joined  together,  both  on 
the  up-stream  face,  and  on  to]3  of  the  piers,  by  circular  concrete 
arches.  The  piers  are  16  ft.  thiols,  while  the  arches  have  a  clear  span 
of  32  ft.  The  extrados  of  the  arches  is  cylindrical,  with  a  radius  of  25 
ft.  The  thickness  of  the  arch  rings  varies,  being  6  ft.  for  the  u^jper  60 
ft.  of  dam,  7  ft.  for  the  next  25  ft.,  and  8  ft.  below  this  point. 

The  arches  at  the  top,  which  will  carry  a  roadway  16  ft.  wide,  are 
semi-circular,  the  intrados  having  a  radius  of  16  ft.  They  are  practically 
continuous  with  the  arches  of  the  up-stream  face.  The  spandrel 
spaces  above  these  arches  will  also  be  filled  with  concrete,  and  a  stone 
coping  will  be  laid  on  top,  on  either  side.  On  top  of  this  coping  there 
will  be  an  iron  hand-railing  or  an  ornamental  stone  parapet. 

The  steel  facing  will  be  \  in.  thick.  The  plates  in  front  of  the 
arches  will  be  22  ft.  long,  while  the  flat  plates  on  the  piers  will  be 
10^  ft.  in  length,  making  lap-joints  with  the  curved  plates  on  the 
arches.  There  will  be  lap-splices,  with  a  single  row  of  |-in.  rivets, 
spaced  3  ins.  apart.  The  joints  will  be  made  water-tight  by  caulking. 
The  surfaces  coming  in  contact  with  the  concrete  will  be  cleaned,  but 
not  painted,  while  the  outer  surfaces  will  be  painted  with  an  asphaltum 
paint. 

Stresses  and  Cross- Sections. — The  dam  is  designed  purely  as  a  gravity 
structure,  and  the  way  in  which  the  forces  act  will  be  readily  seen  by 
an  examination  of  the  plans.  The  arch-rings  act  simply  to  transfer 
the  water-pressure  to  the  adjacent  piers,  which  must  be  of  sufficient 
size  and  strength  to  withstand  the  entire  hydrostatic  pressure  that' 
comes  on  both  piers  and  arches.  As  customary,  the  water  is  assumed 
to  extend  from  the  toi?  of  the  dam  to  bed  rock,  but  is  not  supposed  to 
penetrate  beneath  the  piers  and  exert  an  upward  j^ressure. 

The  arches  are  circular  segments,  so  that  their  central  lines  coin- 
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cide  exactly  witli  the  line  of  pressure  for  water  pressures  acting  nor- 
mally to  the  extrados.  Hence  the  compressive  strains  are  uniform  in 
the  arch-rin^  at  any  given  elevation  and  are  readily  found  by  the  for- 
mula T  =^  pR,  in  which  J"  is  the  comin-essive  strain  in  an  arch-ring  1 
ft.  in  height,  p  is  the  water-j^ressure  in  pounds  per  square  foot,  and  R 
is  the  radius  of  the  center  line  in  feet.  The  actual  stresses,  as  thus 
computed,  are  quite  moderate,  being  96  lbs.  per  square  inch  for  the  6- 
ft.  arch,  106  lbs.  per  square  inch  for  the  7-ft.  arch,  and  120  lbs.  per 
square  inch  for  the  8-ft.  arch.  The  minimum  thickness  of  6  ft.  is  arbi- 
trarily fixed  from  j^ractical  considerations. 

The  determination  of  the  best  and  most  economical  cross-section 
for  the  piers  is  a  somewhat  tedious,  tentative  process.  The  require- 
ments as  to  strength  and  stability  are  the  same  as  for  a  continuous 
masonry  dam,  but  the  water  pressui'e  to  be  withstood  by  each  foot  of 
pier  is  much  greater,  so  that  a  heavier  section  is  needed.  Each  pier 
acts  as  an  abutment  for  two  arches,  but,  owing  to  the  symmetry  of 
ihe  construction,  the  components  of  the  thrust  i^arallel  to  the  face 
wrill  always  balance.  Hence,  the  resulting  force  tending  to  overturn 
the  pier  acts  at  right  angles  to  its  face,  and  is  equivalent  to  a  press- 
ure on  a  plane,  the  width  of  which  is  equal  to  that  of  the  pier  and 
of  two  half  arches.  As  the  piers  are  16  ft.  wide  and  the  arch-si^an 
is  32  ft. ,  the  pressure  of  the  water  on  the  pier  is  equal  to  that  which 
-would  be  exerted  by  a  fluid  with  a  specific  gravity  of  3,  i.  e.,  weighing 
3x62.5  or  187.5  lbs.  per  cubic  foot.  The  weight  of  the  masonry  is 
taken  at  145  lbs.  per  cubic  foot. 

The  usual  standards  for  strength  and  stability  were  followed,  and 
the  graphic  analysis  of  the  adopted  cross-section  is  shown  in  Fig.  15. 
All  forces  are  given  in  cubic  feet  of  masonry. 

As  there  shown,  the  factors  of  safety  are  the  following: 

As  to  Overturning. — The  moment  of  the  forces  which  resist  over- 
turning, when  taken  about  the  down-stream  edge  of  the  dam,  at  any 
elevation,  are  more  than  twice  as  great  as  the  moment  of  overturning 
at  the  same  point. 

As  to  Sliding.— The  angle  between  the  resultant  on  any  joint  and 
the  normal  to  the  joint  nowhere  exceeds  tan."^  0.85  or  40°  22'.  Hence, 
a  coefficient  of  friction  of  0. 85  in  the  masonry  will  be  sufficient  to  prevent 
sliding.  This  is  considered  amply  safe  in  the  case  of  a  concrete  dam 
in  which  there  will  be  no  joints,  properly  speaking,  but,  on  the  contrary, 
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considerable  cohesive  strength.  It  is  true  that  in  standard  sections  for 
masonry  dams  the  angle  between  the  resultant  and  the  normal  is  usu- 
ally somewhat  smaller  than  the  above  value.  In  such  dams,  however, 
the  dimensions  of  the  cross-section  are  not  increased  by  this  require- 
ment, as  the  length  of  the  joints  is  mainly  fixed  by  the  necessity  of 
keeping  the  resultant  within  the  middle  third. 

As  to  Internal  Stresses  in  the  Masonry. — The  resultant  at  all  joints 
is  kejjt  within  the  middle  third,  so  that  there  are  no  tensile  stresses. 
The  compressive  strains  for  a  full  reservoir  nowhere  exceed  10.7  tons 
per  square  foot,  this  being  the  stress  at  the  bottom,  and  are  less  at  other 
points.  While  this  value  is  somewhat  greater  than  is  usual  in  dams 
100  ft.  high,  it  leaves  a  large  factor  of  safety,  and  has  been  exceeded  in 
actual  constructions,  some  of  which  have  stood  for  several  centuries. 
It  must  be  borne  in  mind  here,  too,  that  in  standard  dam  sections  the 
lengths  of  joints  up  to  a  height  of  100  ft.  are  not  determined  by  the 
limiting  compressive  strains,  but  by  the  necessity  of  avoiding  tensile 
stresses  and  of  maintaining  a  proj^er  stability  against  overturning. 
Where  the  water  face  is  vertical,  both  of  these  requii'ements  are  met  by 
keeping  the  resultant  at  all  joints  within  the  middle  third. 

The  section  adopted  under  these  conditions  is  ajjproximately  trape- 
zoidal, and  differs  from  the  standard  section  by  having  a  heavy  batter 
on  the  up-stream  face.  This  batter  is  essential.  The  length  of  the 
joints  in  the  upper  part  of  the  dam  (as  far  as  elevation  80)  were  de- 
termined by  the  requirement  as  to  the  middle  third,  but  below  that 
elevation  it  was  necessary  to  extend  the  base  so  as  to  keep  the  stresses 
on  the  masonry  within  moderate  limits. 

Specifications  for  Material. — Both  piers  and  arches  are  to  be  built  of 
concrete,  mixed  by  machinery  and  carefully  rammed  into  well-braced 
molds,  so  as  to  form  a  homogeneous,  monolithic  structure.  The  steel- 
facing  will  serve  as  the  upper  side  of  the  molds.  Portland  cement 
will  be  exclusively  used,  the  proportions  being  one  part  of  cement, 
two  of  sand,  and  four  of  broken  stone,  for  the  arches,  for  the  exterior 
2  feet  of  the  piers  and  for  all  concrete  deposited  under  water.  For 
the  rest  of  the  work,  the  proportions  will  be  one,  three  and  five.  In 
computing  the  amount  of  cement  used,  it  shall  be  measured  as  packed 
in  barrels,  the  cubic  contents  of  a  barrel  of  Portland  cement  weighing 
400  lbs.,  being  taken  as  equal  to  i  cu.  yd.  The  cement  will  be  care- 
fully tested  before  acceptance  as  to  strength  and  fineness.     The  broken 
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stone  shall  be  clean,  durable  limestone,  while  the  sand  must  be  clean, 
coarse  and  silicious.  The  steel  used  for  plates  and  rivets  shall  con- 
form to  the  specifications  given  in  Appendix  A. 

Method  of  Construction. — The  method  of  sinking  foundations  will  de- 
pend on  the  nature  of  the  material  and  the  amount  of  water  encoun- 
tered in  the  pits.  It  is  expected  that  the  excavation  of  separate  trenches 
for  the  piers  will  greatly  reduce  the  difficultv  of  handling  the  ground- 
water. The  earth  excavation  will  be  carried  down  with  sloping  sides 
lantil  water  is  reached.  Below  this  level  the  trenches  will  be  timbered 
and  braced.   The  piers  and  arches  will  be  simk  into  the  bed-rock  2  or  3  ft. 

Quantities.   -The  amount  of  material   for  the  above  arch  dam,  as 

well  as  for  a  dam  of  the  ordinary  form,  is  given  below  : 

Concrete  Masonry. — 

Ordinary  dam.  Arched  dam. 

In  dam  proper 37  200  cu.  yds.  26  000  cu.  yds. 

In  overflow  weir 1700"      "  1700"       " 

Total  concrete  38  900  cu.  yds.  27  700  cu.  yds. 

Excavation.  — 

Earth  excavation 33  700  cu.  yds.  27  550  cu.  yds. 

Kock  excavation 2  400"      "  2  400"      " 

Steel-plate  facing 350  000  lbs. 

The  unit  prices  bid  by  the  several  contractors  for  the  different 
classes  of  work  were  almost  identical  for  both  forms  of  dam,  so  that 
the  total  cost  of  the  new  form  was  from  11%  to  15%"  less  than  that 
of  the  old  type.  By  omitting  the  steel  plate  facing  and  substituting 
an  asphalt  coating,  which  appears  to  the  author  quite  feasible,  a  still 
greater  saving  would  be  effected. 

The  work  was  carried  out  under  the  direction  of  C.  K.  Bannister, 
M.  Am.  Soc.  C.  E. ,  as  chief  engineer,  while  Messrs.  Willard  Young  and 
H.  M.  McCartney  successively  held  the  position  of  assistant  chief 
engineer.  Mr.  R.  F.  Hayward  was  consulting  engineer  for  the  hy- 
draulic and  electric  equipment,  while  George  H.  Pegram,  M.  Am.  Soc. 
C.  E. ,  acted  in  an  advisory  capacity  as  consulting  engineer.  The 
location  and  early  construction  were  in  charge  of  Mr.  F.  N.  Snyder,  who 
was  succeeded  by  Mr.  S.  E.  Reaugh.  To  the  author  were  entrusted  the 
designing  of  the  details  of  the  pipe  conduit,  and  the  studies  for  the 
dam,  as  well  as  the  mathematical  work  connected  with  the  plant,  ex- 
cepting the  electrical  and  hydraulic  machinery  and  transmissions. 
Mr.  J.  E.  Rhodes  was  in  charge  of  the  work  on  the  pipe  conduit  for 
the  contractors,  Messrs.  Rhodes  Brothers. 
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EXTRACTS    FROM    STEEL    PIPE    SPECIFICATIONS. 


"  Requirements  for  S/eel  Plates. — The  steel  shall  be  of  the  class 
termed  'soft  medium,'  and  shall  be  made  by  the  open-hearth  j^rocess, 
either  the  basic  process  or  the  acid  j^rocess,  as  the  engineer  may  de- 
termine. If  made  by  the  basic  process,  the  percentage  of  phosphorus 
shall  not  exceed  0.04  and  of  sulphur  shall  not  be  greater  than  0.04;  if 
made  by  the  acid  i^rocess,  it  shall  not  contain  more  than  0.07^  of 
phosphorus  and  not  more  than  0.04%  of  sulphur.  The  percentage  of 
manganese  shall  not  be  greater  than  0.60  per  cent.  Each  sheet  shall 
be  uniformly  homogeneous  in  quality,  and  should  a  reasonable  doubt 
exist  as  to  the  qiiality  or  uniformity  of  the  steel  furnished,  the  en- 
gineer may  order  additional  tests  before  acceptance. 

"Test  pieces  shall  be  furnished  from  at  least  20%  of  the  finished 
material  of  each  melt,  but  at  least  two  test  j^ieces  shall  be  made  from 
every  melt.  The  jjlates  or  sheets  from  which  test  pieces  are  taken 
shall  be  selected  at  random  by  the  inspector,  and  each  piece  shall  be 
numbered  with  the  corresjjonding  melt  number. 

"  Tensile  test  pieces  shall  be  at  least  16  ins.  long,  and  shall  have 
for  a  length  of  8  ins.  a  uniform  planed-edge  sectional  area  of  at  least 
i  sq.  in.,  the  width  in  no  case  to  be  less  than  the  thickness  of  the 
piece. 

"Bending  test  pieces  to  be  12  ins.  long,  and  to  have  a  width  not 
less  than  four  times  the  thickness,  with  edges  planed  smooth. 

' '  Punching  test  pieces  shall  be  If  ins.  wide  and  not  less  than  10 
ins.  long. 

"Drifting  test  pieces  shall  be  3  ins.  wide  and  not  less  than  5  ins. 
long. 

"  Test  pieces  as  above  shall  give  results  as  follows: 
"  Ultimate  strength,  55  000  lbs.  to  65  000  lbs. 
"  Elastic  limit,  not  less  than  one-half  ultimate  strength. 
"  Elongation,  not  less  than  24%  in  8  ins. 
"  Reduction  of  area  at  fracture,  at  least  48  per  cent." 

"  All  fractures  shall  be  fine,  silky  and  free  from  crystalline  appear- 
ance, or  from  indications  of  injurious  treatment  or  insufficient 
working. 

"Bending  test  jiieces  shall  bend  double  under  the  hammer,  cold, 
without  signs  of  cracking. 

"In  punching  test  pieces,  a  row  of  eight  holes,  f  in.  in  diameter  and 
li  ins.  between  centers,  shall  be  punched  wdthout  any  cracks. 

"  In  drifting  test  pieces,  not  less  than  two  holes,  f  in.  in  diameter, 
spaced  2  ins.  between  centers,  shall  be  punched  and  then  enlarged  by 
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blows  from  a  sledge  hammer  upon  a  drifting  pin  until  said  holes  are 
1^  ins.  in  diameter,  without  showing  signs  of  failure  or  cracking  on 
the  inside  of  the  hole  or  edge  of  the  j^late.  Punching  and  drifting 
tests  to  be  made  cold. 

"The  plates  must  also  admit  of  cold  hammering  or  scarfing  to  a 
fine  edge  at  the  laps  without  ci-acking,  and  the  test  pieces  must 
furthermore  withstand  such  quenching,  forging  and  other  tests  as  may 
satisfy  the  inspector  as  to  the  temper,  soundness  and  fitness  for  use 
of  the  material. 

'  'Any  failure  of  test  pieces,  taken  at  random  as  aforesaid,  to  conform 
to  the  above  requirements  may,  at  the  discretion  of  the  engineer  or 
inspector,  cause  the  rejection  of  the  entire  i^roduct  of  the  heat  or  melt 
from  which  such  pieces  are  taken. 

'•All  finished  material  shall  be  free  from  laminations,  cracks,  blisters, 
scale  or  cinder  sjiots,  and  have  clean  edges  and  good  surfaces  free  from 
bends.  The  plates  shall  be  fully  ui^  to  the  required  thickness  at  the 
edges.  Any  plate  whose  thickness  at  any  i^oint  may  be  found  less 
than  the  required  thickness  by  more  than  one  one-hundredth  of  an 
inch  shall  be  rejected  without  appeal.  Furthermore,  at  least  95^  of 
the  plates  must  be  of  the  full  required  thickness  at  all  points. 

"  Plates  varying  more  than  5%  from  the  standard  weights  per  square 
foot  will  be  rejected,  and  no  allowance  will  be  made  for  weights  more 
than  5%  in  excess  of  the  standard  weights  required. 

"  The  plates  shall  be  rolled  as  flat  as  good  mill  practice  will  permit, 
and  each  plate  shall  be  cut  to  the  dimensions  required.  A  variation 
of  more  than  i  in.  from  the  dimensions  required  on  either  length  or 
width  of  plate  will  not  be  permitted,  and  in  no  case  shall  they  be  scant 
of  the  required  dimensions.  All  material  shall  be  finished  in  a  first- 
class,  workmanlike  manner. 

"  The  Engineer  of  the  Power  Company,  or  his  representative,  shall 
have  the  right  at  all  times  to  inspect  the  process  of  manufacture  and 
testing  of  any  and  all  i^lates,  and  may  have,  in  his  discretion,  an  ad- 
ditional number  of  test  pieces,  not  more  than  one-fourth  of  the  whole, 
prepared  as  above  from  such  melts  as  he  may  designate,  for  testing 
under  his  own  supervision,  at  the  expense  of  the  Power  Company. 

''  Requirements  for  Sleel  Rivets. — Rivets  shall  be  made  of  a  good  grade 
of  soft  steel,  and  shall  have  a  tensile  strength  between  the  limits  of 
56  000  lbs.  and  64  000  lbs.  per  square  inch,  with  an  elastic  limit  of  not 
less  than  36  (tOO  lbs. ,  and  shearing  strength  not  less  than  72%"  of  the 
ultimate  strength.  Physical  tests  shall  be  made  by  the  Inspector  to 
determine  the  elongation  and  area  at  point  of  fracture.  In  an  ordi- 
nary test  piece,  as  described  above,  the  elongation  shall  be  not  less 
than  24:%,  and  the  reduction  of  area  at  point  of  fracture  not  less  than 
48  per  cent.  The  material  shall  also  be  of  such  quality  as  will  stand 
bending  double  and  flat,  before  and  after  heating  to  a  light  yellow  heat 
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and  quenching  in  cold  water,  without  sign  of  fracture  on  the  convex 
surface  of  the  bend.  All  rivet  material  not  conforming  to  the  above 
requirements  shall  be  rejected. 

"It  is  understood  and  agreed  that  any  plate  that  shows  any  defect 
during  the  process  of  punching,  bending,  riveting  and  in  manufactur- 
ing into  pipes  shall  be  rejected,  notwithstanding  that  the  same  may 
previously  have  been  satisfactorily  tested. 

"  All  plates  and  rivets  must  be  free  from  rust  and  kept  under  cover 
from  the  time  of  manufacture  of  the  plates  and  until  the  completed 
pipe  is  dipped  or  coated.  At  the  factory,  the  plates  must  be  loaded 
under  cover  ujDon  suitably  covered  cars.  They  must  be  delivered 
under  cover  at  the  pipe  shop  and  must  be  kept  under  roof  and  cover 
until  ready  for  shipment,  and  in  no  way  exposed  to  the  weather  or 
to  moisture.  In  cases  of  accidental  rusting,  the  rust  must  be 
removed  from  the  plates  before  proceeding  with  the  manufacture  of 
the  pijaes. 

"  Manufacture  and  haying  ofthePipe. — All  seams  shall  be  butt  seams, 
with  straps  exactly  fitted  to  the  curvature  of  the  main  plates. 

"  The  round  straps  (uniting  adjacent  sections)  shall  be  placed  on 
the  outside  of  the  pipe  only;  they  shall  be  11  ins.  wide  and  their 
thickness  shall  be  the  same  as  the  thickness  of  the  plates  in  the  pipe. 
Each  strap  shall  have  four  rows  of  rivets  jslaced  zigzag,  and  sjiaced  as 
indicated  on  the  detailed  plans. 

"  The  longitudinal  seams  shall  be  united  by  two  butt  straps,  one 
on  the  inside  and  the  other  on  the  outside  of  the  pipe.  The  outer 
strai?  shall  be  11  ins.  wide  and  the  inner  16|^  ins. 

"  The  longitudinal  joints  shall  in  all  cases  be  jjlaced  at  the  top  of 
the  pipe,  both  in  the  straight  portion  and  in  the  elbows,  so  that  the 
straps  shall  be  entirely  continuous  throughout  the  entii'e  length  of  the 
pipe. 

"  The  thickness  of  the  longitudinal  butt  straps  (both  inside  and 
outside)  shall  be  \  in.  for  the  portion  of  the  pipe  built  of  ii-in-  and  |- 
in.  plates,  and  f  in.  for  the  rest  of  the  pipe  line. 

"  There  shall  be  six  i-ows  of  rivets  at  the  longitudinal  joints,  of 
which  four  rows  shall  go  through  both  butt  straps  and  the  main  plate, 
and  two  rows  through  the  wider  or  inside  butt  strap  and  the  main  plate 
only. 

"The  spacing  shall  be  zigzag,  with  a  double  jjitch  in  the  row  of 
rivets  that  goes  through  two  thicknesses  only. 

"All  butt  straps,  both  longitudinal  and  circumferential,  shall 
be  '  rolled  '  to  the  correct  circular  curve  necessary  to  tit  the  pipe 
closely. 

"  The  edges  of  the  outside  straps,  both  round  and  longitudinal, 
shall  be  jjlaned  for  caulking. 

"  The  inside  longitudinal  butt  straps  shall  be  of  the  same  length  aa 
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the  main  plates;  they  shall  be  as  straight  and  true  as  jjossible,  but  shall 
not  be  caulked. 

"  The  outside  longitudinal  straps,  where  they  butt  against  the  edges 
of  the  round  straps,  shall  be  planed  down  to  a  feather  edge  for  a  short 
distance  and  extended  under  the  round  straps,  the  edges  of  the  latter 
being  caulked. 

"  The  sialices  in  the  round  straps  shall  be  scarfed  joints,  extending 
over  three  rivets. 

"The  imder  strap  at  the  lap  must  be  scarfed  or  thinned  by  ma- 
chinery, without  being  heated;  the  upper  strap  is  to  remain  of  the 
original  thickness  for  caulking. 

"  The  diameters  of  the  rivets  used  shall  be  as  follows: 

"  For  the  jsortion  of  the  pipe  line  built  of — 

-fi-in.  and  f-in.  plates Diameter  of  rivet  1}  ins. 

of  ra-in.  and  J-in.  plates Diameter  of  rivet  1  in. 

of  -I'e-i'a.  and  f-in.  plates Diameter  of  rivet    i  in. 

"  These  sizes  shall  be  the  diameters  of  the  rivets  when  cold. 

"The  rivet  holes  shall  be  punched  of  -^  in.  greater  diameter  than 
that  of  the  cold  rivet,  excej^t  in  the  case  of  the  l^-in.  rivets.  In  this 
latter  case,  the  rivet  holes  shall  be  punched  of  l^-in.  diameter  on  the 
die  side  and  reamed  to  I-tb  ins. 

"  All  riveting  in  the  shop  must  be  done  by  steam,  compressed  air 
or  hydraulic  machinery,  capable  of  exerting  slow  jiressure  sufficient  for 
the  formation  of  perfect  rivet  heads,  of  such  form  and  dimensions  as 
may  be  directed  by  the  engineer. 

"  All  burrs,  caused  by  punching,  on  the  lower  side  of  the  plate, 
must  be  removed  by  countersinking;  all  burrs  jDroduced  by  shearing 
must  be  removed  by  filing  or  chipping. 

"  The  sheets  must  be  pressed  closely  together  while  the  rivets  are 
"being  driven  and  until  the  rivet  heads  are  formed.  The  riveting  will 
be  inspected  by  the  Engineer  of  the  Power  Company,  and  all  rivets 
which  do  not  jiroperly  fill  the  holes,  or  which  may  be  found  defective 
in  any  respect,  must  be  cut  out  and  replaced  by  and  at  the  expense  of 
the  contractor. 

"  All  riveted  seams  and  joints  of  every  description  shall  be  thor- 
oughly caulked  on  the  outside  of  the  pipe  in  the  best  and  most  work- 
manlike manner  usual  in  first-class  boiler  work.  The  caulking  of  all 
seams  made  in  the  shop  must  be  done  before  the  coating  is  applied  in 
the  pipe,  and  every  precaution  must  be  taken,  both  in  the  shop  work 
and  field  work,  to  insure  the  utmost  strength  and  tightness. " 
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DESIGNS  FOE  A  STRUCTURAL  STEEL  DAM. 


Two  types,  Plans  A  and  B,  are  shown  in  tlie  plans,  out  of  a  number 
considered,  which  were  studied  in  detail,  so  that  the  quantities  of 
material  may  be  relied  upon  as  correct. 

Plan  A. — -This  form  of  dam  consists  of  a  number  of  cantilever 
trusses  spaced  10  feet  apart  and  braced  together,  and  a  steel  jDlate 


n  C  frV per  ft. 


covering,  which  receives  the  direct  water  pressure  and  transmits  it  to 
the  trusses.  The  latter  are  60  ft.  in  length,  with  a  base  35  ft.  in  width, 
this  being  nearly  the  same  as  the  thickness  of  a  standard  masonry 
dam  at  the  same  elevation.     The  construction  is  shown  in  Fig.  16. 

The  outline  of  the  trusses  is  triangular,  the  down-stream  jaosts 
being  vertical,  while  the  water  face  has  a  heavy  batter,  as  the  vertical 
component  of  the  water  pressure  on  the  up-stream  face  is  essential  to 
the  stability  of  the  dam.  Theoretically,  a  curved  face  would  lighten 
the  steel  work  slightly,  but  not  enough  to  outweigh  the  advantages  of 
a  straight  chord. 
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Tlie  steel  work  rests  on  a  concrete  or  rock  foundation,  to  which  it 
is  securely  anchored.  This  foundation  need  not  be  essentially  different 
in  size  or  shape  from  the  equivalent  portion  of  an  all-masonry  dam, 
so  in  comparing  relative  costs  only  the  upper  60  ft.  need  he  considered. 

The  trusses  are  designed  according  to  ordinary  bridge  practice, 
with  simjjle  details,  the  connections  in  the  uj^per  portion  being  by 
rivets,  and  in  the  lower  part  by  turned  pins.  They  should  be  built 
according  to  the  specifications  for  materials  and  workmanship  used 
for  the  highest  grade  of  railway  bridgework. 

The  stresses  in  the  different  members  were  determined  graphically, 
the  only  forces  acting  being  the  water  pressure,  the  weight  of  the 
dam,  and  the  resistance  of  the  anchorage.  All  these  forces  are 
definite  in  magnitude  and  direction  to  a  greater  degree  than  in  most 
other  kinds  of  steel  construction. 

The  tensile  stresses  were  taken  at  15  000  lbs.  per  square  inch  of 
net  section,  while  for  compression  the  following  formula  was  used,  viz. : 

<S  =  12  000  —  45  ^  in  which  S  is  the  permissible  strain  per  square 
si 

inch  ;   L  is  the  full  length  of  compression  member,  and  E  is  the  radius 

of  gyration  of  the  cross-section. 

Where  beams  are  subject  to  cross-bending,  the  net  tensile  strains 
are  15  000  lbs.  per  square  inch. 

The  trusses  are  braced  together  in  sets  of  four  by  comparatively 
light  bracing  in  the  plane  of  the  vertical  posts.  The  long  horizontal 
bottom  struts  ai'e  also  connected  by  bracing.  Every  fourth  jianel  is 
left  without  bracing,  so  that  longitudinal  expansion  may  take  place 
without  straining  the  metal  anywhere,  the  convex  plates  in  the  water 
face  allowing  a  slight  motion.  Expansion  at  right  angles  to  the  face  is 
provided  by  short  rocking  links  at  the  foot  of  the  vertical  jiosts. 

Two  forms  of  jjlate  facing  were  proposed, the  first  consisting  of  buckle 
plates  resting  on  rolled  I-beams,  while  in  the  second  a  single  curved 
sheet  of  steel,  extending  -from  one  truss  to  the  next,  sustains  the  water 
pressure.  The  strength  of  the  buckle  plates  and  beams  is  computed 
by  the  usual  methods,  the  thickness  of  the  former  varying  according 
to  the  depth. 

The  concave  sheets  in  the  second  design  are  circular  segments  with 
a  radius  of  7  ft.  and  a  10-ft.  chord.  All  sheets  are  of  the  same  size, 
and  joined  to  adjoining  sheets  by  caulked  riveted  joints. 

These  plates  are  uniformly  f  in.  in  thickness.  Their  strength  is 
readily  calculable,  as  the  water  pressure  is  constant  at  any  given 
elevation  and  the  tensile  strain  is  given  by  the  formula:  7'  =  ^jA'  as  in 
the  case  of  circular  arches.  For  a  depth  of  60  ft.,  yj  =  60  X  62.5  = 
3  750  lbs.  per  square  foot,  and  T  ^  3  750  x  7  =  26  250  lbs. ;  hence  the 
gross  tensile  strain  on  a  ^-in.  jjlate  will  be  only  5  830  lbs.  per  square 
inch. 
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The  steel  trusses  are  connected  to  the  foundation  by  anchor  bars 
on  the  up-stream  end,  while  the  vertical  posts  rest  on  steel  bed-plates 
and  shoes.  The  horizontal  shear  is  transmitted  by  special  inclined 
struts. 

Plan  B. — This  design  is  based  on  F.  H.  Bainbridge's  patent,  dated 
April  16th,  1895.  The  structiiral  frame  is  not  a  truss  or  cantilever, 
but  consists  simply  of  a  series  of  struts  which  carry  the  thrust  of  the 
water  direct  to  the  foundation.  These  long  struts  are,  of  course, 
securely  braced,  so  as  to  prevent  buckling  in  any  direction.  The  steel 
facing  consists  of  buckle  jjlates  or  concave  sheets  of  steel  as  already 
described,  which  are  fastened  to  an  inclined  chord  to  which  the  struts 


Fig.  17. 


connect.  The  struts  and  the  steel  face  are  both  placed  at  an  angle  of 
45°,  with  the  horizon,  so  that  there  is  no  uplifting  effect  on  the 
foundation  below.  The  amount  of  steel  in  this  dam  is  less  than  in 
Plan  A,  though  the  saving  will  be  in  most  cases  more  than  offset  by 
the  increased  cost  of  the  foundation. 

In  Fig.  17,  the  sti-uts  are  shown  as  supported  on  separate  shallow 
foundations,  but  in  most  cases,  it  will  be  necessary  to  carry  them 
down  to  bed-rock,  which  would  increase  the  amount  of  masonry  very 
much.  On  the  other  hand,  where  the  bed  of  the  stream  consists 
of  solid  rock,  or  is  overlaid  by  a  small  amount  of  earth,  no  special 
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foundation  will  be  required.     In  such  a  location,  this  form  of  dam 
may  prove  economical,  and  might  be  adopted  with  advantage. 

The  relative  amount  of  materials  required  to  build  steel  dams, 
according  to  Plans  A  and  B,  is  given  in  Table  No.  2,  as  well  as  the 
amount  of  masonry  contained  in  a  standard  masonry  dam  of  the  usual 
form.  The  comparison  is  limited  to  a  dam  60  ft.  in  height,  but  the 
metal  required  for  a  projier  anchorage  of  the  steel  dam  is  taken  into 
account. 

TABLE  No.  2.  — Compakative  Statement  of  Quantities  in  Steeij  and 

Masonry  Dams. 

Height  of  dam,  60  ft. ;  length  assumed,  1  ft. 

Plan  A. — Steel  Cantilever  Dam  with  Buckle  Plate  Facing. 

Trusses  and  bracing 4  530  lbs. 

Shoes,  bed-plates  and  anchorage 1  805    ' ' 

Ibeams 1180    " 

Buckleplates 1285    " 

8  800  lbs.  per  lineal  foot. 

Plan  A. — Steel  Cantilever  Dam  with  Curved  Plate  Facing. 

Trusses  and  bracing 4  745  lbs. 

Shoes,  bed-plates  and  anchorage 1805    " 

Curved  face  plates 1500    " 

8  050  lbs.  per  lineal  foot. 

Plan  B. — Steel  Strut  Dam  with  Buckle  Plate  Facing. 

Total  steelwork 7  650  lbs.  per  lineal  foot. 

Plan  B. — Steel  Strut  Dam  with  Curved  Plate  Facing. 

Total  steelwork 7  000  lbs.  per  lineal  foot. 

Standard  Masonry  Dam,  60  ft.  high. 

Total  masonry  =  48  cu.  yds.  per  lineal  foot  of  dam. 
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DISCUSSION. 


Mr.  Frizell.  J-  P-  -t  rizemj,  M.  Am.  Soc.  C.  E. — This  system  of  water  power 
presents  a  problem  in  the  regulation  of  water-wheels  which  is  worthy 
of  consideration.  There  is  a  conduit  closed  its  whole  length,  and  in 
checking  the  quantity  of  water  which  passes  through  a  wheel  it  is 
necessary  to  check  the  momentum  of  a  column  of  water  some  6  miles 
long.  Those  who  run  the  establishment  will  meet  with  difficulties  in 
the  regulation  of  the  wheels  which  will  not  be  met  by  fly-wheels.  The 
total  weight  of  the  column  of  water  will  be  thousands  of  tons,  and  in 
diminishing  the  power  at  the  station  by  one-half, which  has  to  be  done 
often  in  electric  work,  it  is  necessary  to  destroy  the  momentum  of,  per- 
haps, 30  000  tons  of  water  at  a  velocity  corresponding  to  a  height  of  2  or 
3  ins. ,  amounting  to  a  gross  momentum  of  from  5  000  to  7  000  foot-tons, 
which  would  be  very  difficult  to  deal  with.  The  safety  of  the  pipe  is 
not  the  serious  question  in  this  problem,  but  the  manner  of  control- 
ling that  enormous  momentum  consistently  with  the  requirements  of 
an  electric  power  plant  running  at  a  uniform  speed. 
3lr.  Skinner.  F.  W.  Sktnnek,  M.  Am.  Soc.  C.  E. — The  field  work  on  the  pipe 
line  described  in  the  paper  was  done  under  difficult  conditions,  which 
were  met  admirably  from  a  structural  point  of  view.  The  erecting 
outfit  for  the  bridges,  for  example,  was  very  light,  and  all  field  joints 
of  the  riveted  structures  were  made  with  bolts  instead  of  rivets.  The 
connections  were  accurately  fitted  at  the  shop  with  reamed  holes,  and 
the  whole  bridge  was  put  together  with  tapered  bolts,  which  were  re- 
placed afterwards  with  carefully  turned  cylindrical  bolts,  resulting  in 
a  piece  of  work  of  such  accuracy  of  adjustment  that  the  author  should 
make  some  statement  concerning  it  in  his  closing  correspondence. 

It  is  of  interest  to  compare  this  Utah  riveted  pipe  line  with  one 
recently  constructed  in  Paris  to  connect  the  Verneuil  and  Vigne  water 
supplies  with  the  distributing  mains.  It  was  1.5  m.  in  diameter,  8  to 
12  mm.  thick,  and  shop  riveted  in  6-m.  sections,  each  consisting  of 
three  courses  and  weighing  about  3  000  kilos.  At  each  end  of  the  sections 
a  hoop  was  riveted  to  form  a  narrow  bead.  The  pipe  line  was  con- 
structed in  a  tunnel  of  small  cross-section  and  supported  on  cast-iron 
shoes.  The  tunnel  was  so  small,  2.4  m.  ^ide,  and  the  pipe  so  large, 
that  a  special  track  was  built  from  the  bottom  of  the  entrance  shaft  to 
the  heading,  on  which  to  run  a  sling  truck.  The  axles  of  this  truck 
were  not  straight,  but  consisted  of  arched  riveted  girders  from  which 
a  section  of  pipe  could  be  hung.  The  truck  was  pushed  to  the  end 
of  the  completed  pipe  by  an  electric  locomotive,  except  on  the  steep 
grades,  where  the  locomotive  was  detached  and  the  car  lowered  by 
means  of  a  windlass.  The  field  joints  were  not  riveted,  but  were  made 
by  screwing  a  sleeve  against  rubber  gaskets  held  by  the  beading  before 
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mentioned.  All  power  for  driving  the  electric  locomotive  was  fur-  Mr.Skinner. 
nished  by  a  storage  battery  it  carried.  This  was  charged  at  night  from 
a  dynamo  driven  by  an  engine  near  the  shaft  where  the  pipes  were 
lowered.  The  locomotive  and  car  had  horizontal  guide  wheels  with 
rubber  tires  bearing  against  the  tunnel  walls,  and  an  elaborate  rotary 
centering  machine  was  run  inside  the  pipe  to  adjust  the  joints  of  the 
successive  sections. 


CORRESPONJDENCE. 


K.  F.  Haywaed,  Esq. — In  the  design  of  the  electrical  equipment  Mr.  Hayward. 
of  the  Pioneer  Electi'ic  Power  Company's  plant  the  following  i^roblem 
presented  itself,  viz. :  To  sujoply  energy  for  light,  jjower,  railways  and 
electrolytic  purposes  in  Ogden  and  the  immediate  vicinity  of  the  power 
house;  to  supply  energy  for  the  same  pui-poses  in  Salt  Lake  City,  at  a 
distance  of  37  miles  from  the  power  house,  and  to  supply  power  for 
smelting  and  mining  purposes  at  points  from  10  to  30  miles  beyond 
Salt  Lake  City. 

Within  the  area  covered  there  is  a  good  market  for  power,  and 
though  the  cost  of  slack  coal  is  not  more  than  $2.25  per  short  ton,  the 
majority  of  steam  jjlants  are  poorly  designed,  or  operated  under  dis- 
advantages which  make  the  cost  per  horse-power  per  annum  vary 
from  $70  to  $120  on  24-hour  service.  Li  order  to  supply  the  market 
with  any  success,  absolute  continuity  of  service  and  good  regulation 
must  be  maintained,  and  every  iJortion  of  the  plant  has  been  designed 
with  this  object  in  view. 

The  three-phase  alternate-current  system  was  chosen  as  being  in 
every  way  suitable  to  the  service  required,  both  on  account  of  its  flexi- 
bility and  economy  of  transmission.  The  fact  that  the  smaller  trans- 
mission plant  of  the  Big  Cottonwood  Power  Company  at  Salt  Lake 
City  was  installed  on  this  system  and  might  eventually  be  used  in 
conjunction  Avith  the  plant  of  the  Pioneer  Electric  Power  Company 
was  also  a  factor  in  the  case. 

A  frequency  of  60  cycles  per  second  was  chosen,  as  a  very  large  i^art 
of  the  energy  will  be  used  for  lighting  purposes;  and  while  a  lower 
frequency  is  at  the  jDresent  time  most  suitable  for  direct-current  work 
it  will  be  but  a  short  time  before  rotary  transformers  can  be  built 
satisfactorily  for  60  cycles. 

The  question  of  voltage  is  of  course  all  important.  The  power 
house  is  located  about  two  miles  from  the  center  of  Ogden,  where 
about  1  000  H.-P.  will  be  used.  It  was  therefore  decided  to  wind  the 
generators  for  2  000  volts,  in  order  to  avoid  the  use  of  step-up  trans- 
formers for  the  Ogden  service.  The  voltage  of  the  transmission  line 
was  placed  at  15  000  volts,  this  being  as  high  as  it  was  deemed  advis- 
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Bir.  Hajmard.  able  to  go  at  present,  but  tlie  transformers  have  all  been  tested  to 
40  000  volts  and  can  be  connected  up  to  give  27  000  volts  on  the  lines. 
This  pressure  will  be  tried  carefully,  and,  if  successful,  used  regu- 
larly. With  the  successful  application  of  27  000  volts,  it  will  be  com- 
mercially possible  to  transmit  power  to  the  mines  at  Mercur,  more 
than  40  miles  beyond  Salt  Lake. 

The  system  is  arranged  throughout  in  duplicate.  There  are  two 
circuits  for  the  local  distribution  and  two  for  the  transmission  lines, 
and  the  switchboards  are  so  arranged  that  any  generator  and  any  set 
of  transformers  can  be  thrown  at  will  on  either  one  or  the  other  of 
these  circuits.  Thus  one  circuit  can  be  used  for  supplying  energy  for 
lighting,  the  other  for  street  railways  and  power,  where  the  regulation 
is  not  so  important. 

Every  precaution  has  been  taken  against  interruption  in  the  trans- 
mission lines,  and  they  will  probably  be  duplicated  ere  long.  The 
lines  are  thoroughly  protected  by  lightning  arresters. 

By  means  of  the  Venturi  water  meters  and  the  electrical  measuring 
instruments,  it  will  be  possible  to  obtain  continuous  records  of  the 
quantity  of  water  used;  also,  of  the  energy  sent  out  from  the  power 
iouse,  and  the  energy  received  at  the  sub-station.  It  will  also  be  pos- 
sible to  take  instantaneous  records  of  the  real  and  apparent  power  in 
any  circuit,  together  with  electrostatic  measurements  of  the  voltage 
on  the  high-tension  lines.  The  system  of  measurements  provided  is  as 
complete  as  can  possibly  be  made  for  commercial  purposes. 

The  machinery  was  manufactured  under  very  stringent  guarantees. 
The  specifications  called  for  a  commercial  efficiency  of  95°o  in  the 
generators,  and  on  the  test  at  the  factory  this  figure  was  reached 
within  a  few  tenths  of  1  per  cent.  The  efficiency  of  the  transformers 
is  also  very  satisfactory,  being  over  98  per  cent.  The  efficiency  of  the 
transmission  lines  will  be  about  90%  when  delivering  3  000  H.-P.  at 
Salt  Lake  City,  with  an  initial  pressure  of  16  000  volts.  With  27  000 
volts,  the  capacity  of  the  line  will  be  about  6  000  H.  -P.  for  the  same 
efficiency. 

Every  care  has  been  exercised  to  obtain  efficient  regulation.  The 
water-wheels  are  each  provided  with  two  very  heavy  fly-wheels  and 
are  fitted  with  electrical  relay  governors.  The  generators  on  test 
showed  that  they  would  regulate  within  5%  at  constant  speed.  The 
droj)  on  lines  and  distributing  mains  has  been  kept  as  low  as  possible 
throughout  the  system.  Speed  indicators  and  recording  voltmeters 
have  been  provided  to  check  the  regulation  continuously. 
Mr.  Tratman.  E.  E.  RussEiiii  Tkatman,  Assoc.  M.  Am.  Soc.  C.  E. — In  connection 
with  the  large  steel  pipe  line  of  the  Pioneer  Company's  plant,  reference 
may  be  made  to  a  story  regarding  the  pipe  line  system  of  the  Big  Cot- 
tonwood Power  Company,  of  Salt  Lake  City,  which  described  how 
certain  rivet  holes  in  the  pipe  were  made  by  shots  from  the  engineer's 
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rifle.     The  writer  asked  the  company's  engineer,  Mr.  R.  M.  Jones,  as  Mr.  Tratman. 
to  the  truth  of  the  story,  and,  contrary  to  expectation,  the  reply  was, 
in  the  main,  a  confirmation  of  the  rej^ort,  although  the  holes  were  not 
for  riveting,  but  for  cutting  out : 

"  The  story  which  circulated  originally  was  about  right.  Have  no 
idea  who  started  it,  but  believe  it  was  in  one  of  the  Pittsburg  papers. 
The  facts  are,  we  had  a  standpipe  of  i-in.  steel,  7  ft.  in  diameter, 
which  required  three  holes  for  connecting  the  pipe  lines  from  different 
directions;  each  of  these  was  54  ins.  in  diameter,  and  the  plate  had  to 
be  cut  out;  therefore  we  shot  it  out  instead  of  chipping  it  out.  The 
apparatus  used  was  merely  one  of  the  modern  Winchester  guns,  using 
smokeless  jjowder,  or  dynamite,  with  long  leaden  bullets,  copper  cast. 
These  are  the  facts,  and  you  are  at  liberty  to  use  them  as  you  desire." 

George  H.  Pegram,  M.  Am.  Soc.  C.  E.  — A  perusal  of  this  excellent  Mr.  Pegram. 
paper  by  one  who  has  been  familiar  with  the  work  therein  described 
during  its  construction  leaves  the  impression  that  sufficient  credit  has 
not  been  given  to  the  chief  engineer — no  doubt  unintentionally. 

The  natural  advantages  for  the  installation  of  the  plant  are  remark- 
able. A  large  impounding  reservoir  obtainable  by  a  comparatively 
small  dam,  a  large  head  of  water  obtainable  in  a  comparatively  short 
distance,  return  of  the  waste  water  to  a  natural  river  channel,  by  which 
it  is  conveyed  to  a  large  tract  of  land  for  irrigation,  form  the  basis  for 
an  ideal  plant. 

The  engineering  difficulties,  however,  were  greater,  probably,  than 
have  been  overcome  in  any  other  similar  work.  The  wooden  pipe  line 
for  nearly  its  entire  length  is  supported  upon  the  jsrecipitous  side  of  a 
narrow  canon  of  the  most  distorted  and  rugged  hard-rock  formation 
in  which  excavation  had  to  be  made  at  the  constant  risk  of  obstruct- 
ing the  river  or  endangering  the  much-traveled  road  in  the  bottom  of 
the  cauon. 

The  steel  pipe  line  the  writer  understands  to  be  the  largest  in  the 
world.  If  the  best  results,  or  even  good  results,  have  been  obtained 
under  such  conditions,  it  is  believed  to  be  due  to  Mr.  Bannister's 
thorough  study  and  constant  eifort  to  reach  a  better  conclusion,  even 
when  it  would  seem  that  a  sufficient  result  had  been  obtained.  Mr. 
Bannister,  recognizing  the  value  of  the  location,  had  for  years  worked 
to  secure  the  construction  of  such  a  plant.  At  the  time  the  author  of 
the  paper  was  retained,  the  pipe  line,  with  the  exception  of  connec- 
tions, etc.,  had  been  designed  and  a  part  of  it  built. 

The  steel  pipe  is  unique  in  preserving  a  practically  constant  diame- 
ter, with  no  obstruction  to  the  flow  of  water  except  the  rivet  heads, 
which  are  conically  formed  in  order  to  present  the  least  resistance. 
The  large  resistance  neretofore  observed  in  riveted  pipes  undoubtedly 
comes,  largely,  from  lap  joints,  whether  the  pipe  is  constructed  with 
alternating  large  and  small  rings,  or  with  rings  fitted  inside  at  one 
end  and  outside  at  the  other,  similar  to  stove-pipe  joints.  It  would 
be  a  valuable  contribution  to  the  existing  data  on  the  resistance  to  the 
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Mr.  Pegram.  flow  of  water  in  riveted  pipes  if  experiments  were  made  on  tlie  Ogden 
pipe. 

With  reference  to  remarks  which  have  been  made  upon  the  riveter 
which  the  writer  designed  to  do  the  work  in  the  trench,  it  can  only  be 
said  that  the  object  was  to  drive  the  rivets  with  pressure  that  might  be 
held  on  to  them  until  they  had  partially  cooled.  It  is  very  evident  that 
one  cannot  hold  on  to  H-in.  rivets  and  drive  very  many  in  a  day.  As  an 
evidence  of  the  excellence  of  the  work  done  with  this  machine,  all  of  the 
rivets  in  the  round-seam  field  connections,  and  some  of  those  in  the  longi- 
tudinal seams  of  the  portion  of  the  pipe  tested,  had  been  driven  by  this 
machine,  and  none  of  the  rivets  were  cut  out  for  replacement  previous 
to  the  test,  nor  in  any  way  tightened,  so  the  result  was  deemed  highly 
satisfactory.  The  machine  was  designed  to  drive  two  rivets  at  a  time, 
although  it  was  equally  capable  of  driving  one  rivet.  Although  this 
machine  was  entirely  unique,  no  changes  in  its  construction  and  no 
repairs  were  required  during  its  work  of  several  months;  and  while 
the  machine,  in  the  light  of  its  past  use,  can  be  improved,  its  discon- 
tinuance by  the  contractor  was  dictated  by  commercial  reasons  based 
upon  the  payment  to  be  made  for  its  use. 

With  respect  to  the  proposed  dam,  aside  from  economy  and  its  more 
scientific  method  of  the  distribution  of  stress  and  the  facility  for 
repair,  it  is  believed  that  the  type  would  offer  great  advantages  in 
places  like  this,  where  there  is  a  large  underground  flow  of  water  and 
very  little  room  for  diversion  channels,  as  it  provides  a  method  by 
which  isolated  piers  may  be  built,  allowing  the  water  to  flow  between 
them  until  near  the  completion  of  the  work.  When  concrete  is  used 
better  work  can  be  done  in  isolated  masses,  which  can  be  built  con- 
tinuously, thus  securing  more  perfect  bond. 
Mr.  Henny.  D.  C.  Henny,  M.  Am.  Soc.  C.  E. — With  a  maximum  flow  through 
the  pipe  line  of  250  second-feet  the  effective  head  on  the  wheels  will  be 
about  440  ft.  with  the  reservoir  full,  and  381  ft.  with  the  reservoir 
drawn  down,  corresponding  to  12  500  and  10  800  gross  H.-P. ,  respec- 
tively. It  will  be  seen  that  a  fluctuation  of  1  700  H.-P.  exists.  To 
make  this  available,  machinery  to  develop  the  maximum  amount  must 
be  provided.  The  entire  pipe  line  had  to  be  built  to  resist  an  extra 
pressure  of  59  ft, ,  and  certain  other  expenses  were  incurred,  such  as 
the  use  of  72-in.  pressure  gates,  stand-pipe,  overflow  shaft,  air  valves, 
etc.,  for  which  more  economical  structures  could  have  been  substi- 
tuted. As  this  extra  jjower  cannot  be  depended  upon  at  all  times,  it 
is  not  clear  to  the  writer  that  its  value  is  proportionate  to  its  cost. 
Assuming  that  it  is,  the  writer  wishes  to  ask  for  what  reason  there  was 
no  economy  in  adopting  a  higher  stage  of  low  water  in  the  reservoir 
and  locating  the  pipe  line  correspondingly  higher,  thereby  decreasing 
maximum  pressures  and  cost  at  the  expense  of  a  small  wedge  of  water 
in  the  bottom  of  the  reservoir  left  unavailable. 
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The  short  tunnel,  No.  7,  ajDpears  from  the  plan  to  be  situated  close  Mr,  Henny. 
to  the  sloping  wall  of  the  canon.  The  rock  must  have  seemed  remark- 
ably sound  and  free  from  seams  to  justify  the  omission  of  lining. 
Moreover,  in  the  absence  of  long  tapering  connections  between  the  6-ft. 
round  pipe  and  the  9-ft.  square  tunnel,  considerable  loss  of  head  must 
result  at  times  of  maximum  flow. 

The  author  in  describing  the  wooden-stave  pipe  states  that  he  be- 
lieves its  diameter  to  be  greater  than  that  of  any  conduit  of  the  kind 
previously  built.  The  writer  understands  that  there  are  many  short 
pieces  of  large  pipe  in  New  England  used  for  conducting  water  to  tur- 
bine wheels.  A  stave-pipe  conduit  6  ft.  in  diameter  was  built  by  J.  T. 
Fanning,  M.  Am.  Soc.  C.  E.,  at  Manchester,  N.  H.*  Two  other  pipes  of 
the  same  diameter  were  built  by  Mr.  C.  P.  Allen,  of  Denver,  one  on 
the  Maxwell  Grant,  in  New  Mexico,  and  the  other  at  Gothenburg, 
Neb.  Another  pipe  6  ft.  in  diameter  was  built  by  the  writer,  in  1893, 
near  Poso,  Cal.  The  use  of  Douglas  fir  in  stave-pipe  construction  can 
ha,rdly  be  called  a  new  departure,  as  almost  all  the  stave  pijjes  built 
in  Washington,  Oregon  and  British  Columbia  were  constructed  of  that 
material,  t 

As  regards  the  details  of  the  stave  pipe,  the  writer  believes  that  for 
6-ft.  pipe  a  net  thickness  of  stave  of  2  ins.  is  rather  light  to  insure 
rigidity,  especially  considering  that  in  case  of  accident  or  sudden 
change  of  flow  the  air  valves  cannot  operate  until  after  the  formation 
of  a  partial  vacuum.  A  12-in.  minimum  break  of  joint  of  the  staves 
is  very  short,  as  3  or  4  ft.  can  ordinarily  be  obtained  without  extra 
cost,  thereby  increasing  the  longitudinal  strength  of  the  jiipe.  If  this 
short  break  was  found  to  be  necessary  to  j^roduce  the  required  curves, 
the  writer  would  have  preferred  to  use  narrower  staves. 

Dependence  was  placed  on  the  swelling  of  the  staves  to  tighten 
the  seam  joints.  This  implies  leakage  at  first  filling,  which  it  is  be- 
lieved can  and  should  be  avoided  by  the  proper  cinching  of  the 
bands. 

In  limiting  the  calculated  unit  strain  to  14  660  lbs.  on  steel  with 
65  000  to  65  000  lbs.  tensile  strength,  the  possible  factor  of  safety  in 
the  body  of  the  hoop  is  somewhat  less  than  four.  This  is  further 
reduced,  as  no  account  has  been  taken  of  the  strain  caused  by  the 
pressure  of  stave  upon  stave  that  must  exist  if  the  pipe  is  tight, 
whether  produced  by  swelling  or  by  cinching,  and  which  is  additional 
to  that  resulting  from  the  water  pressixre.  "While  it  is  not  proportion- 
ately large  in  this  case  on  account  of  the  comparatively  small  thick- 
ness of  the  staves,  and  is,  moreover,  hard  to  determine,  the  writer  sees 
no  reason  for  neglecting  it.  The  factor  of  safety  of  the  entire  hoop 
is  believed  to  be  more  seriously  reduced  by  the  character  of  the  con- 
necting  shoes.     It  would  seem  that  if  the  complete  hoop  were  placed 

*  See  Transactions,  Vol.  vi,  p.  69. 
+  See  Transactions,  Vol,  xxxvi,  p.  15. 
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Mr.  Henny.  around  an  unyielding  circle  and  tested  to  destruction,  distortion  of 
the  loop  and  of  the  shoe  would  follow.  The  bearing  of  the  loop 
against  the  thin  steel  walls  of  the  shoe  also  appears  insufficient. 

On  the  pipe  itself  the  bands  cannot  be  tested  in  this  manner,  as 
the  lumber  would  buckle  long  before  the  breaking  point  is  reached. 
Nevertheless,  this  connection  should  be  as  strong  as  the  body  of  the 
bolt,  or  metal  in  the  bolt  is  wasted  and  the  assumed  factor  of  safety 
seriously  reduced.  Possibly  this  matter  has  been  satisfactorily  settled 
by  actual  test,  in  which  case  the  author  would  add  to  the  value  of  the 
paper  by  stating  the  results. 
Mr.  Adams.  Akthxjk  L.  Adams,  M.  Am.  Soc.  C.  E. — The  works  of  the  Pioneer 
Electric  Power  Company  are  of  more  than  usual  interest  among  the 
many  plants  of  similar  type  which  have  been  constructed  throughout 
the  West  during  recent  years.  It  has  been  often  exceeded  in  the 
height  of  effective  head,  is  not  novel  in  the  use,  diameter  or  construc- 
tion materials  of  the  stave  pipe  employed,  and  though  fully  abreast 
of  present  practice  in  length  of  transmission  and  height  of  voltage 
employed,  is  soon  to  be  greatly  out-distanced  in  both  of  these  partic- 
ulars if  work  at  present  under  contract  elsewhere  is  carried  to  suc- 
cessful completion.  By  reason  of  its  magnitude,  however,  the  work 
easily  takes  front  rank  among  the  high-pressure  water-power  develop- 
ment and  long-distance  electrical  transmission  plants  in  this  country. 
It  is  also  worthy  of  especial  note  because  of  the  conspicuous  care  with 
which  the  general  scheme,  as  well  as  the  important  details,  have  been 
worked  out  ;  and,  though  one  may  dififer  as  to  the  propriety  of  some 
of  the  minor  details  as  presented,  the  striking  evidence  of  thoughtful 
and  intelligent  care  in  the  treatment  of  the  entire  scheme  certainly 
commands  admiration. 

The  writer  sincerely  hopes  that  this  description  of  a  practically 
completed  work  of  such  interest  will  hereafter  be  supplemented  by  a 
comjilete  statement  of  the  action  of  the  various  parts  under  the  test 
of  actual  service.  A  comparison  between  what  was  anticipated  and 
that  actually  realized  would  doubtless  prove  very  profitable  and  in- 
teresting. 

The  author  is  mistaken  in  thinking  the  stave  pipe  a  pioneer,  either 
in  its  diameter  or  in  the  use  of  Douglas  fir  for  staves.  Several  con- 
duits 6  ft.  in  diameter  have  previously  been  built,  while  the  same 
quality  of  timber  has  been  repeatedly  employed  in  the  states  of  the 
Northwest,  and  in  at  least  one  instance  in  Wyoming. 

The  care  which  has  been  taken  in  avoiding  all  extreme  fluctuations 
of  pressure  in  the  stave  pipe,  arising  from  the  almost  unavoidable  in- 
terruptions to  the  continuity  of  flow,  will  prove  very  advantageous,  as 
will  also  the  shortening  to  the  least  possible  length  of  the  closed  steel 
conduit  leading  from  the  last  relief  overflow  directly  to  the  power 
station. 
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Referring  to  the  details  of  the  stave-pipe  design  and  construction,  Mr.  Adams. 
as  suggested  by  the  author,  the  shoe  is  certainly  light,  and  if  tested 
to  destruction  in  connection  with  its  accompanying  band  would  cer- 
tainly show  evidence  of  criispling  long  before  the  ultimate  strength  of 
the  band  would  be  reached,  though  complete  failure  would  probably 
not  result,  because  of  the  support  given  the  sides  by  the  external  loop 
and  internal  threaded  end  of  the  encircling  band.  An  excess  of 
strength  should  always  be  given  the  shoe  because  of  the  section  being 
in  much  less  favorable  form  for  resisting  corrosion  than  is  the  circular 
band  section.  These  shoes  would  doubtless  give  no  trouble  during 
erection,  as  is  stated  by  the  author,  since  very  little  tension  can  be  put 
upon  |-in.  and  f-in.  bolts  of  the  length  used,  when  the  leverage  of  the 
wrenches  employed  is  limited  to  10  ins.  This  limit  answers  very  well 
for  pipe  and  bands  of  much  smaller  diameter,  but  in  the  present  case 
would  preclude  all  possibility  of  the  bands  being  drawn  to  anything 
like  the  tension  subsequently  developed  by  the  water  pressure  and  the 
swelling  of  the  staves,  which  tension  is  the  least  that  can  be  applied 
during  construction  in  order  to  insure  a  tight  pipe  when  first  filled, 
unless  the  filling  be  done  exceedingly  slowly  and  thus  coincidently 
with  the  swelling  of  the  wood.  The  staves  are  somewhat  thinner  in 
their  finished  shape  than  has  usually  been  customary  in  building  pipes 
of  this  diameter,  but  the  writer  sees  no  especial  objection  to  this  if 
sufficient  care  be  exercised  in  properly  tamping  the  back-filling  and 
avoiding  too  great  a  depth  of  cover. 

It  is  pleasing  to  note  that  the  claims  of  wooden  stave  pipe  for  won- 
derful economy  in  first  cost  when  built  for  moderate  pressures,  un- 
usual ease  of  transportation  and  erection,  even  in  very  inaccessible 
places,  and  general  adaptability  for  meeting  the  demands  for  a  first- 
class  conduit  at  a  minimum  of  cost  for  the  conveying  of  water  under 
moderate  pressures,  have  been  recognized  by  the  engineers  charged 
with  this  work  and  have  been  fully  vindicated  in  the  result.  It  can- 
not be  otherwise  than  that  the  merits  of  this  class  of  pipe,  when  intel- 
ligently designed  and  carefully  built,  must  ultimately  lead  to  its  greatly 
extended  use  throughout  the  whole  of  this  and  other  countries. 

The  adopted  plan  for  a  masonry  dam  is  a  marked  departure  from 
all  previous  practice.  The  increased  necessity  for  securing  excellent 
construction  work  and  the  apparent  dependence  of  the  entire  structure 
upon  the  integrity  of  each  arch  seem  to  the  writer,  however,  to  be  ob- 
jections sufficiently  weighty  to  render  so  radical  a  departure  from  all 
precedent  of  doubtful  expediency. 

Henky  GoiiDMARK,  M.  Am.  Soc.  C.  E. — In  closing  the  discussion,  Mr.  Gtoldmark. 
the  author  wishes  to  thank  those  members  who  have  supplemented  the 
information    given  therein   by   additional   valuable   data,    and    have 
pointed  out  certain  errors  of  statement.     The  purpose  in  writing  the 
paper  was  to  give  a  somewhat  detailed  account  of  a  very  interesting 
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Mr.  Goldmark.  work  with  which  it  was  his  privilege  to  be  connected  during  the  period 
of  active  construction.  Written  at  a  distance  from  the  works  de- 
scribed, it  is  unavoidably  lacking  in  completeness,  and  the  author  is 
conscious  of  its  shortcomings  in  other  respects.  He  wishes,  however, 
to  disclaim  emphatically  any  intention  of  giving  insufficient  credit  to 
the  chief  engineer  of  the  company,  whose  full  responsibility  for  the 
design  and  execution  of  the  work  is  repeatedly  referred  to  in  the  text 
of  the  paper.  He  greatly  regrets  that  his  meaning  should  have  been 
misunderstood.  It  is  proper  to  add,  that  the  paper  was  prepared  at 
the  request  of  Mr.  Bannister,  who,  after  its  completion,  kindly  revised 
and  approved  it  before  it  was  printed. 

The  question  of  the  necessary  regulation  of  the  machinery  under 
sudden  changes  in  loading  was  duly  considered  in  its  design.  It  is  be- 
lieved, as  stated  by  Mr.  Hayward  in  his  discussion,  that  the  electric 
governors  adopted,  together  with  the  heavy  fly-wheels,  will  be  ample 
to  produce  speeds  sufficiently  uniform  for  all  practical  purposes. 

The  use  of  turned  bolts  instead  of  rivets  was  adopted  for  the  bridges 
on  the  pipe  line  mainly  to  avoid  the  necessity  of  bringing  skilled 
riveters  from  a  distance.  The  shopwork  being  excellent,  the  use  of 
bolts  proved  quite  satisfactory. 

In  answer  to  the  criticism  of  the  details  of  the  shoes  and  bands  of 
the  stave  pij^e  the  author  personally  prefers  a  somewhat  heavier  con- 
struction, though  some  tests  of  the  straight  bands  indicated  that  the 
strength  of  the  connections  is  greater  than  that  of  the  plain  rods. 

The  thickness  of  the  staves  (2  ins.)  is  apparently  somewhat  scanty, 
but  the  completed  pipe  has  on  several  occasions  been  subjected  to 
severe  strains  from  landslides,  etc.,  and  has  shown  even  greater 
strength  than  had  been  expected.  A  thin  stave  has  the  great  advantage 
of  thoroughly  absorbing  water,  and  thus  resisting  decay. 

The  12-in.  break  of  joint  in  adjacent  staves  is  the  minimum  permit- 
ted by  the  specifications,  but  the  average  break  is  considerably  longer, 
and  a  break  of  3^  or  4  ft.  is  not  uncommon.  It  may  be  added  that  the 
leakage,  at  the  first  filling  of  the  pipe,  was  slight. 

As  to  the  desirability  of  adopting  a  higher  stage  of  low  water  in  the 
reservoir  and  locating  the  pipe  line  correspondingly  higher,  it  may  be 
said  that  the  low  water-line  actually  adopted  permits  the  use  of  the 
pijje  line  at  all  stages  of  the  river  and  previous  to  the  construction  of 
the  large  dam,  which  has  not  yet  been  built.  A  higher  location  of 
the  conduit  would  cheapen  the  wood  pipe  slightly,  but  would  have 
no  appreciable  influence  on  the  cost  of  the  steel  pipe,  while  the  change 
would  probably  increase  the  expense  of  excavation  considerably. 

The  connections  of  the  6-ft.  pipe  in  Tunnel  No.  7  are  long  tapering 
connections  of  concrete,  so  that  any  considerable  loss  of  head  is 
avoided.  The  rock  in  this  tunnel  aj^peared  sufficiently  sound  to  per- 
mit its  use  as  a  conduit  without  a  lining. 
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WITH  DISCUSSION. 

History. — The  original  Illinois  Central  Eailroad  was  chartered  in 
1850,  to  build  a  line  from  Cairo,  at  the  junction  of  the  Ohio  and  Mis- 
sissippi Rivers,  to  Dubuque,  la. ,  with  a  branch  line  from  the  present 
city  of  Centralia,  111.,  to  Chicago.  This  line  was  constructed  in  1852, 
entering  Chicago  along  the  shore  of  Lake  Michigan  and  having  its 
terminal  station  located  between  Randolph  Street  and  the  Chicago 
River.  The  southern  limit  of  the  city  at  that  time  was  Twenty-second 
Street.  The  right  of  way  of  the  railroad  was  purchased  in  fee  simple 
np  to  what  is  known  as  Park  Row,  near  Twelfth  Street,  while  from 
Park  Row  to  Randolph  Street  a  right  of  way  300  ft.  wide  was  granted 
by  the  city  under  an  ordinance  dated  June  14th,  1852,  the  railroad 
company  agreeing  to  build  a  wall  or  breakwater  along  the  outside 
edge  of  its  right  of  way  as  far  as  the  southern  limits  of  the  city,  in 
order  to  protect  the  city  shore  line  from  the  encroachments  of  Lake 
Michigan.     However,  as  the  railroad's  charter  from  the  State  of  Illinois 
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specifically  determined  that  its  right  of  way  should  be  200  ft.  in  width, 
the  railroad  company  was  restricted  to  that  width,  and  it  therefore 
constructed  the  breakwater  on  the  outside  edge  of  the  200-ft.  right  of 
way  in  accordance  with  the  provisions  of  the  ordinance. 

A  considerable  portion  of  what  is  now  solid  ground  east  of  Michi- 
gan Avenue,  from  Park  Eow  to  Eandolph  Street,  a  distance  of  5  995 
ft. ,  was  at  that  time  Canal  Lands,  and  Michigan  Avenue  was  platted 
on  the  city  maps  without  any  eastern  boundary.  The  west  line  of  this 
avenue,  however,  was  definitely  fixed  and  the  property  west  of  that 
thoroughfare  was  laid  out  in  lots,  streets  and  alleys;  but  on  the  east 
side,  the  width  of  the  avenue  was  supposed  to  extend  to  the  shore  of 
the  lake,  as  there  was  at  that  time  no  appreciable  amount  of  land  east 
of  the  roadway. 

The  Illinois  Central  Railroad  was  originally  constructed  as  a  single- 
track  line  on  a  trestle,  and  the  western  boundary  of  its  right  of  way 
was  400  ft.  east  of  the  west  line  of  Michigan  Avenue,  the  waters  of 
Lake  Michigan  occupying  the  intermediate  space  between  the  railroad 
track  and  the  avenue. 

After  the  fire  of  1871,  this  space,  as  well  as  a  large  part  of  the 
Illinois  Central  right  of  way,  was  filled  with  debris  from  the  ruins, 
and  the  ground  between  Michigan  Avenue  and  the  west  line  of  the 
railroad  right  of  way  became  known  as  the  Lake  Front  Park. 

In  1869  the  Legislature  of  the  State  of  Illinois  by  an  act  granted  to 
the  Illinois  Central  Eailroad  Company  the  right  to  all  submerged  land 
east  of  its  right  of  way  for  a  distance  of  1  mile  into  the  lake  and  be- 
tween the  Chicago  River  and  its  round-house  south  of  Fourteenth 
Street,  a  distance  of  1.85  miles,  the  fee  to  the  submerged  land  consti- 
tuting the  bed  of  Lake  Michigan  being  vested  in  the  State.  This  grant 
was,  of  course,  subject  to  the  establishment  of  a  shore  and  dock  line 
either  by  the  State  or  United  States  officials.  In  1873  this  act  was 
repealed. 

The  matter  was  finally  taken  into  the  United  States  Court,  the 
Illinois  Central  Railroad  Company  claiming  that  the  State  had  no  con- 
stitutional power  to  pass  the  repealing  act,  which  amounted  to  the 
annulment  of  the  contract.  The  City  of  Chicago  interfered  in  the 
case,  claiming  that  the  fee  to  all  the  submerged  land  previously 
granted  to  the  railroad  company  belonged  to  it  (the  city),  taking  the 
ground  that  the  city  owned  the  riparian  rights  along  the  lake  front 
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for  the  reason  that  the  east  line  of  Michigan  Avenue  was  not  defined 
"by  metes  and  bounds  but  was  bounded  on  the  east  by  the  lake,  and 
that  therefore  the  city  owned  the  riparian  rights  through  its  owner- 
ship of  Michigan  Avenue  as  a  street.  Other  questions  of  interest 
were  also  involved,  which  brought  into  dispute  the  rights  of  the 
Illinois  Central  Railroad  to  not  only  the  submerged  land  between 
Randolph  Street  and  Park  Eow,  but  also  to  the  piers  which  it  had 
already  constructed  and  the  ground  it  had  reclaimed  from  the  lake 
between  the  Chicago  River  on  the  north  and  Sixteenth  Street  on  the 
south,  as  well  as  to  the  occupancy  of  the  lands,  docks  and  wharves 
which  it  had  previously  acquired.  Pending  the  trial  of  this  case  the 
railroad  company  was  enjoined  from  extending  its  docks  or  properties 
into  the  waters  of  the  lake. 

The  decision  in  the  United  States  Court  confirmed  to  the  railroad 
company  the  right  to  all  the  ground  and  property  it  had  acquired  and 
was  in  possession  of  at  the  time  of  the  commencement  of  the  litiga- 
tion, but  was  unfavorable  to  the  railroad  company  in  other  particu- 
lars. The  case  was  finally  carried  to  the  Supreme  Court  and  decision 
rendered  in  1892,  which  in  substance  confirmed  to  the  Illinois  Central 
Company  its  title  to  all  the  submerged  land,  docks  and  wharves  it  had 
acquired  by  filling  in  the  lake,  but  confirmed  to  the  city  its  rights  as 
riparian  owner  of  the  land  filled  in  adjoining  Michigan  Avenue  on  the 
east.  The  decision  further  confirmed  to  the  Illinois  Central  Railroad 
Company  its  perpetual  and  exclusive  right,  for  railroad  purposes,  to  the 
right  of  way  occupied  by  it  between  Park  Row  and  Randolph  Street. 
Many  minor  points  in  the  decision,  however,  settled  principles  of  vast 
importance  to  both  public  and  private  corporations,  in  reference  to 
the  use,  occupancy  and  ownership  of  water  fronts. 

The  long-continued  litigation  between  the  city  and  the  railroad 
company  resulted  in  much  jiublic  irritation,  and  the  tenor  of  public 
opinion  was  adverse  to  the  interests  of  the  railroad  company.  Imme- 
diately after  the  decision  of  the  Supreme  Court  had  been  rendered, 
certain  private  citizens,  in  connection  with  the  city  government  and 
the  press,  commenced  an  agitation  which  resulted  in  considerable 
friction  between  the  railroad  company  and  the  public,  the  object 
being  to  force  the  company  to  depress  its  tracks  along  the  lake 
front.  Threats  were  made  to  open  up  various  public  streets  inter- 
secting Michigan  Avenue  across  the  tracks  of  the  railroad  company  at 
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grade,  and  objections  were  made  to  the  railroad  company  fencing  in 
its  right  of  way  in  order  to  prevent  accidents.  The  seriousness  of 
these  demands  and  the  injury  they  would  work  to  the  public  as  well 
as  the  railroad  company  can  be  more  easily  understood  when  it  is  stated 
that  at  this  time  the  Illinois  Central  right  of  way,  200  ft.  in  width,  and 
extending  from  Park  Row  to  Eandolph  Street,  was  occupied  by  twelve 
or  thirteen  tracks,  over  which  there  were  more  than  1  000  engine  move- 
ments in  every  twenty-four  hours,  in  addition  to  the  partial  or  switch- 
ing movements  made  at  the  north  end  of  the  passenger  yards  near  Park 
Eow  and  over  the  switching  leads  in  and  out  of  the  Eandolph  Street 
yard  extending  southward. 

Prior  to  1892  thousands  of  people  were  continually  crossing  the 
tracks  at  grade,  in  order  to  obtain  access  to  the  lake  for  boating,  fish- 
ing or  other  pleasure  purposes.  The  difficulty  was  partially  remedied 
during  the  World's  Columbian  Exposition  of  1893  by  the  construction 
of  a  viaduct  across  these  tracks  at  Yan  Buren  Street  and  the  building 
of  a  fence  along  the  west  line  of  the  right  of  way  between  Eandolph 
Street  and  Park  Eow. 

In  1891  the  city  authorities  insisted  on  the  removal  of  the  viaduct, 
the  taking  down  of  the  fence  and  the  throwing  open  to  the  public  of 
the  entire  right  of  way  between  these  points,  in  spite  of  the  known 
fact  that  accidents  endangering  life  and  limb  would  be  of  daily  occur- 
rence. This  demand  was  undoubtedly  intended  to  force  the  railroad 
comjjany  to  some  jjermanent  settlement  of  the  difficulty. 

The  situation  became  extremely  critical.  After  the  railroad  com- 
pany had  ofifered  to  construct  foot  viaducts  over  its  tracks  at  such 
points  as  the  city  might  designate,  and  had  been  refused  permission 
to  do  so,  the  officials  of  the  railroad  company,  in  conference  with  the 
city  officials,  finally  agreed  on  a  compromise  of  the  entire  matter. 
This  resulted  in  the  passage  of  an  ordinance  by  the  Chicago  City 
Council,  dated  October  21,  1895,  and  the  subsequent  execution  of  a  con- 
tract in  accordance  therewith  between  the  city  and  the  railroad 
company. 

This  contract  provided  that  the  Illinois  Central  Railroad  should  do- 
the  following  work: 

1.  Depress  its  tracks  on  the  Lake  Front  between  Park  Eow  and 
Eandolph  Street  to  a  depth  of  approximately  4  ft. ,  according  to  cer- 
tain grades  specified  in  the  agreement. 
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2.  Construct  a  sea  wall  along  what  is  known  as  the  dock  line,  ap- 
proximately 1  200  ft.  east  of  the  Illinois  Central  right  of  way,  from 
Kandolph  Street  to  the  vicinity  of  Park  Kow  extended,  with  a  return 
wall  to  the  shore;  also  to  construct  certain  ijiers  in  order  to  form  a 
yacht  harbor  at  12th  Street. 

3.  Build  retaining  walls  on  each  side  of  its  right  of  way,  as  de- 
scribed in  said  agreement. 

4.  Deliver  200  000  cu.  yds.  of  filling  in  the  Lake  Front  Park  be- 
tween the  Illinois  Central  right  of  way  and  Michigan  Avenue. 

5.  Construct  four  viaducts  for  carriages  at  such  streets  as  should 
be  selected  by  the  city  authorities,  and  one  viaduct  for  pedestrians  at 
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Fig.  1. 
the  foot  of  each  of  the  other  streets  intersecting  Michigan  Avenue, 
which,  if  projected,  would  cross  the  Illinois  Central  right  of  way  be- 
tween the  two  points  named. 

6.  Extend  and  rebuild  as  much  of  the  Eandolph  Street  viaduct  as 
might  be  necessary  to  obtain  access  to  the  new  park  which  it  is  the 
intention  of  the  city  to  construct  between  the  east  line  of  the  Illinois 
Central  right  of  way  and  the  sea  wall  before  mentioned. 

7.  Construct  a  new  suburban  station  at  Van  Buren  Street,  300  ft. 
long  and  50  ft.  wide. 

8.  Cede  to  the  city  certain  riparian  rights  to  7.46  acres  of  land, 
and  further  cede  to  the  city  0.59  acre  of  ground  which  it  (the  rail- 
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road  company)  had  previously  filled  in  and  utilized;  making  a  total 
of  8.05  acres. 

In  return  for  this  the  Illinois  Central  Bailroad  Company  received 
from  the  city  the  right  to  fill  in  and  occupy  6. 67  acres  of  land  between 
Adams  and  Randolph  Streets;  1.26  acres  between  Park  Eow  and  Peck 
Court  to  which  the  city  had  claimed  riparian  rights;  and  3.30  acres 
between  the  south  line  of  Park  Row  and  the  13th  Street  pier,  to 
which  the  railroad  company  had  heretofore  claimed  riparian  rights; 
making  a  total  of  11.23  acres,  the  right  to  fill  and  occupy  which,  the 
railroad  company  obtained  from  the  city. 

This  agreement  forever  ended  the  general  difiierences  that  had  ex- 
isted for  years  between  the  city  and  the  raOroad  company,  and  con- 
firmed to  the  railroad  company  its  right  to  forever  enjoy  and  use  its 
right  of  way  and  property  north  of  Park  Row. 

Fig.  1  shows  the  areas  of  land  transferred  from  the  railroad  com- 
pany to  the  city  and  vice  versa. 

Plate  V  shows  the  original  location  of  the  tracks  of  the  Illinois 
Central  Railroad  prior  to  the  carrying  out  of  this  agreement. 

Plate  VI  shows  the  completed  plan  of  the  tracks  which  the  acquisi- 
tion of  the  additional  land  enabled  the  railroad  company  to  construct. 

The  work  of  carrying  out  the  provisions  of  this  ordinance  was  com- 
menced almost  immediately  after  its  passage  and  the  acceptance  of 
the  contract,  and  up  to  the  time  of  writing  this  paper  the  following 
portions  have  been  completed  :  Depression  and  rearrangement  of 
tracks  ;  west  retaining  wall ;  sea  wall  ;  Van  Buren  Street  station  ;  via- 
ducts at  Harrison  Street,  Peck  Court  and  Van  Buren  Street ;  filling  of 
the  triangular  pieces  of  submerged  land  acquired  from  the  city  ;  fill- 
ing of  Lake  Front  Park,  between  Michigan  Avenue  and  railroad  right 
of  way. 

These  Lake  Front  improvements  were  estimated  to  cost,  when 
finally  completed,  ^1  200  000. 

Depression  and  Rearrangement  of  Tracks. — The  general  level  of 
Michigan  Avenue  is  12  to  15  ft.  above  the  Chicago  city  datum,  datum 
being  based  upon  the  low  water  in  Lake  Michigan.  The  recorded 
fluctuation  of  water  in  the  lake  has  varied  from  about  1  ft.  below  to  4 
ft.  above  low  water  (city  datum),  making  a  total  variation  of  approxi- 
mately 5  ft.  The  general  elevation  of  the  Illinois  Central  tracks  varied 
from  9  ft.  above  at  Randolph  Street  to  11  ft.  above  at  Park  Row. 
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The  city  authorities  desired  the  tracks  dejDressed  to  the  maximum 
amount  in  order  that  bridges  might  be  built  over  them  at  points  oppo- 
site the  extensions  of  certain  streets  to  connect  with  the  proposed 
larger  park  east  of  the  Illinois  Central  right  of  way,  with  moderate 
approaching  grades  from  Michigan  Avenue  to  the  western  ends  of  these 
bridges.  At  one  time  the  city  contemislated  the  depression  of  the 
tracks  below  the  level  of  Lake  Michigan  and  roofing  them  over,  except 
at  suitable  intervals  for  ventilation,  in  order  to  hide  entirely  the  sight 
of  cars  and  trains  from  the  adjoining  city  i^arks.  This  was  quite  im- 
practicable, not  only  on  account  of  the  enormous  expense  it  would 
have  entailed,  but  also  by  reason  of  the  difficulty  in  the  way  of  ob- 
taining suitable  drainage,  as  well  as  on  account  6f  the  location  of  the 
Central  Station  south  of  Park  Row  and  the  local  freight  houses  and 
ireight  terminal  tracks  north  of  Randolph  Street,  the  switching  leads 
for  which  extended  as  far  south  as  Van  Buren  Street. 

The  railroad  company  contended  that  it  should  not  be  required  to 
lower  its  tracks  to  any  greater  depth  than  would  be  necessary  to  enable 
proper  viaducts  to  be  constructed  with  suitable  aiDproaches  thereto, 
and  that  would  allow  drainage  to  be  secui'ed  into  Lake  Michigan  by 
gravity. 

The  final  result  was  an  agreement  that  the  railroad  company  should 
depress  its  tracks  to  a  grade  of  6  ft.  above  city  datum  at  each  edge  of 
the  200-ft.  right  of  way,  with  a  crowning  transverse  grade  to  7  ft.  in 
the  center;  the  object  being  to  deflect  the  drainage  to  either  side  of  the 
right  of  way  and  then  take  care  of  it  by  a  system  of  subdrainage. 

Owing  to  the  requirements  of  the  city  preventing  the  use  of  deep 
■  girders  or  long  i^in-connected  spans  for  the  various  viaducts,  it  was 
necessary  to  construct  these  viaducts  of  comparatively  short  spans  with 
intermediate  sui^ports,  which  in  turn  necessitated  an  entire  rearrange- 
ment of  the  tracks.  The  problem,  therefore,  not  only  consisted  of  the 
depression  of  the  tracks  under  traffic,  but  their  entire  rearrangement 
as  well.  A  careful  examination  of  the  plans,  showing  the  lay-out 
before  and  after  this  work  was  done,  will  show  that  each  track  was 
designed  to  perform  a  certain  function.  A  brief  description  of  the 
business  done  over  these  tracks  is  necessary  to  an  intelligent  under- 
standing of  the  plan. 

The  business  of  the  Illinois  Central  Railroad  on  the  Lake  Front 
north  of  Park  Row  is  varied  and  complex  in  character.     The  tracks 
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north  of  Randoljili  Street,  next  to  Central  Avenue,  are  the  sub- 
urban terminal  tracks,  Randolph  Street  being  the  terminal  for  all 
suburban  trains.  What  is  known  as  the  local  suburban  service 
occupies  tracks  1  and  2  on  the  west  edge  of  the  right  of  way,  the 
trains  in  this  service  making  stops  at  all  stations  and  running  south- 
ward as  far  as  Sixty-third  Street.  What  is  known  as  the  express  sub- 
urban service  makes  use  of  the  same  terminal  station  at  Randolph 
Street,  and  follows  the  same  tracks  1  and  2  as  far  as  Van  Buren  Street, 
where  it  uses  the  same  station  also,  south  of  that  point  diverging  and 
running  entirely  around  the  Central  Station  at  Twelfth  Street,  these 
express  tracks  being  so  located  as  to  be  interfered  with  and  cut  into 
by  frogs  and  switches  as  little  as  possible.  After  leaving  the  junction 
with  tracks  1  and  2  south  of  Van  Buren  Street  and  passing  over  the 
crossing  at  Harrison  Street,  these  tracks  are  cut  by  only  two  sets  of 
cross-overs,  at  Twenty-seventh  and  Forty-third  Streets,  in  the  entire 
distance  of  9  miles  between  Randolph  and  Seventieth  Streets,  the  latter 
point,  however,  that  is,  Forty-third  Street,  being  protected  and 
controlled  by  an  interlocking  plant.  There  are  no  street  crossings  at 
grade  north  of  Seventieth  Street.  The  crossing  at  Harrison  Street  waa 
selected  as  the  neutral  point,  north  of  which  all  the  switching  in  and 
out  of  the  Randolph  Street  yard  is  done,  while  all  switching  in  and 
out  of  the  passenger  yards  at  Twelfth  Street  is  performed  south  of 
this  point,  confining  the  movements  crossing  the  express  suburban 
tracks  at  Harrison  Street  entirely  to  through  movements  by  trains 
and  transfers  in  and  out  of  the  Randolj^h  Street  yard  to  other  points 
on  the  Illinois  Central  system  and  connecting  lines. 

Parallel  to  tracks  1  and  2,  leading  out  of  Randolph  Street  station, 
and  jjarallel  to  the  express  tracks,  will  be  noticed  two  tracks  which 
connect  the  system  of  tracks  on  what  is  known  as  the  Thirteenth  Street 
pier  with  the  suburban  terminal  at  Randolph  Street,  the  purpose  of 
these  tracks  being  to  feed  suburban  trains  and  engines  in  and  out  of 
the  suburban  terminal  without  using  or  fouling  tracks  1  and  2  between 
Randolph  and  Harrison  Streets. 

In  the  Randolph  Street  yard  is  located  the  entire  freight  terminal 
of  the  Michigan  Central  Railroad,  which  occupies  land  leased  in 
perpetuity  from  the  Illinois  Central  Company,  and  which  uses  the  ter- 
minal tracks  of  the  Illinois  Central  Railroad  from  Kensington  to  Ran- 
dolph Street  as  tenant.     Tracks  4  and  5  next  east  of  and  adjoining  the 
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suburban  feed  tracks  of  the  Illinois  Central  are  assigned  to  the  Michi- 
gan Central  Eailroad  as  leads  to  its  Randolph  Street  freight  yard. 

The  entire  freight  terminal  of  the  Illinois  Central,  including  freight 
houses,  fruit  houses,  elevators,  team  yards,  etc.,  is  also  in  the 
Randolph  Street  yard. 

Prior  to  the  passage  of  the  ordinance  above  mentioned,  neither  the 
Illinois  Central  nor  Michigan  Central  railroads  had  the  right  to  stand 
any  cars  on  their  tracks  south  of  the  north  line  of  Randoljih  Street,  or 
construct  any  buildings  south  of  that  point.  By  the  new  agreement 
the  railroads  have  the  right  to  stand  cars  or  erect  structures  on  the 
right  of  way  to  the  height  of  the  retaining  wall  or  the  jDarajiet  thereon. 

The  shape  of  the  railroad  ground  under  the  old  arrangement,  as 
will  be  noticed  by  reference  to  Plate  V,  was  such  as  to  interfere 
very  materially  with  economical  swdtching  in  and  out  of  this  yard. 
The  new  arrangement,  as  shown  on  Plate  VI,  provides  for  a  con- 
siderable extension  of  the  team  tracks  and  other  yard  facilities,  as  well 
as  giving  eight  independent  switching  leads,  with  necessary  cross- 
overs and  connections,  allowing  the  use  of  a  large  number  of  switch 
engines  working  independently  of  each  other,  and  thus  materially 
adding,  not  only  to  the  capacity,  but  also  to  the  eflBciency,  of  the 
Illinois  Central  terminal. 

The  work  of  depressing  these  tracks  was  commenced  Ajjril  15th, 
1896,  and  practically  completed  in  October  of  the  same  year,  with  the 
exception  of  the  rearrangement  of  j^art  of  the  Randolph  Street  yard, 
which  was  completed  during  May  and  June  of  1897.  This  work  of 
depression  was  carried  on  in  the  face  of  a  heavy  traffic  without  any 
delay  to  trains  and  without  any  derailments.  The  material  taken 
from  under  the  tracks  was  used  to  assist  in  filling  the  triangular  pieces 
of  land  acquired  by  the  company  under  the  agreement  with  the  city. 

One  of  the  main  difficulties  in  handling  this  work  was  the  fact  that 
several  of  the  middle  tracks  were  originally  built  on  trestle  piling,  and 
during  the  depression  it  was  necessary  to  excavate  around  the  piling 
and  frequently  to  remove  each  separate  pile,  piece  by  piece,  the  greater 
part  of  the  piling  being  well  preserved.  The  piles  were  pulled  up  by 
switch  engines. 

It  was,  of  course,  necessary  to  excavate  material  approximately  1  ft. 
below  sub-grade,  this  space  being  refilled  with  slag,  which  was  used 
for  ballasting  all  the  tracks  except  the  express  suburban,  these  being 
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ballasted  with  crushed  rock.  Tlie  volume  of  earth  in  this  excavation 
was  110  000  cu.  yds.  Fourteen  miles  of  track  were  depressed;  and  10 
crossings,  34  double-slip  switches  and  102  single-slip  switches  were 
depressed  or  laid  on  the  new  plan.  The  cost  of  the  depression  was 
^57  000,  averaging  a  cost  of  78  cents  per  foot,  including  rearrangement 
of  tracks,  ballasting  and  surfacing  on  the  various  temporary  locations 
which  they  occupied  during  the  progress  of  the  work.  Fig.  2  shows 
cross-sections  of  the  old  and  new  track  jilans  at  jsoints  where  the 
greatest  depression  was  made. 

The  Sea  Wall. — The  object  of  the  sea  wall  was  to  form  an  outer 
boundary  of  the  new  park  which  the  city  was  endeavoring  to  provide 
for  by  this  agreement  with  the  railroad  company,  containing  practi- 
cally 165  acres  in  all,  being  5  900  ft.  in  length,  by  an  average  of 
1  350  ft.  in  width.  This  sea  wall  was  constructed  on  a  harbor  line 
which  had  been  previously  established  by  the  United  States  engineers. 

The  plans  and  specifications  for  the  sea  wall  were  furnished  by 
Major  W.  L.  Marshall,  M.  Am.  See.  C.  E.,  of  the  Corps  of  Engineers  of 
the  United  States  Army,  and  the  permit  for  its  construction  required  a 
strict  conformity  to  the  j^lans  and  specifications  furnished  by  him. 
As  the  City  of  Chicago  expected  to  do  a  large  amount  of  filling  in  the 
new  outer  Lake  Front  Park  from  the  material  dredged  from  the 
Chicago  River  and  the  Drainage  Canal,  the  United  States  Government 
required  that  the  sea  wall  be  constructed  before  it  would  permit  the 
dumping  of  any  of  this  material  in  the  area  to  be  filled,  in  order  that 
the  filling  might  be  effectually  confined  and  prevent  the  shoaling  up  of 
the  outer  harbor.  Sketches  showing  the  manner  of  construction  of 
the  sea  wall  are  given  in  Fig.  3. 

Work  on  the  sea  wall  was  commenced  in  November,  1895,  but  op- 
erations were  soon  susiDcnded  on  account  of  stormy  weather  and  the 
approach  of  winter.  Early  in  the  spring  of  1896  work  was  resumed, 
and  the  wall  finally  completed  October  1st,  1896.  The  following 
quantities  of  material  were  contained  therein:  105  000  lin.  ft.  of  pil- 
ing; 2  233  000  ft.  B.  M.  pine  sheeting;  659  000  ft.  B.  M.  waling;  3  433 
cords  of  stone.  These  figures  are  round  numbers.  The  amount  of 
earth  filling  cannot  be  given,  as  this  material  was  dredged  from  the 
bed  of  the  lake  directly  into  the  bulkhead  and  no  record  was  kept  of 
it.  The  entire  work  cost  in  round  numbers  §220  000,  Altogether,  7  200 
lin.  ft.  of  sea  wall  were  constructed. 
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Inner  Lake  Front  Park. — -What  was  formerly  known  as  the  Lake 
Front  Park  was  tlie  strip  of  laud  310  ft.  in  width,  between  Michigan 
Avenue  and  the  Illinois  Central  right  of  way,  and,  as  already  described, 
extending  from  Randolph  Street  to  Park  Row.  As  noted  in  the  terms 
of  the  contract  between  the  city  and  the  railroad  company,  the  latter 
was  required  to  furnish  200  000  cu.  yds.  of  filling,  to  be  used  in  grad- 
ing the  inner  park  so  that  its  surface  would  slope  from  Michigan 
Avenue  upward  to  the  tojj  of  the  retaining  wall  along  the  west  edge  of 
the  right  of  way,  instead  of  sloping  downward  to  the  level  of  the 
tracks  as  formerly.  This  filling  was  suj^plied  in  a  small  measure  from 
various  excavations  for  building  foundations  in  the  city,  but  generally 
by  train,  the  contractors  doing  this  work  having  made  arrangements 
with  the  contractors  of  the  Drainage  Canal  southwest  of  Chicago  for 
this  material,  which  was  loaded  by  steam  shovel  out  of  the  canal 
directly  on  cars  and  transjiorted  by  rail  to  the  Lake  Front  Park,  the 
haul  being  8  miles.  This  work  was  completed  in  November,  1896, 
at  a  total  cost  of  approximately  .^37  500. 

The  low  price  of  this  work  was  due  mainly  to  the  fact  that  the  con- 
tractors excavating  the  Drainage  Canal  were  required  to  get  rid  of  the 
material  at  their  own  expense,  and  the  contractor  who  filled  the  Park 
for  the  Illinois  Central  received  paj  from  the  Drainage  Canal  con- 
tractor for  disposing  of  the  material,  which  enabled  him  to  do  the 
work  for  the  Illinois  Central  at  a  very  low  figure. 

In  the  spring  of  1897  the  entire  interest  of  the  city  in  both  the 
inner  and  outer  Lake  Front  Park  was  transferred  to  the  Board  of 
South  Park  Commissioners,  a  special  organization  having  control  of 
the  entire  system  of  parks  on  the  south  side  of  the  city.  The 
Park  Commissioners  at  the  time  of  this  writing  have  taken  possession 
of  the  Lake  Front  Park  and  are  now  improving  and  beautifying  it. 

Outer  Lake  Front  Park. — No  pro\asion  has  yet  been  made  for  the 
filling  of  the  outer  park.  The  area,  as  stated  before,  is  165  acres,  and 
there  is  a  dejjth  of  from  8  to  16  ft.  of  water  in  the  basin,  the  average 
depth  being  about  12  ft.  It  is  estimated  that  approximately  8  000  000 
cu.  ^'ds.  of  material  will  be  required  to  fill  this  area,  according  to  the 
plans  and  grades  that  may  be  adopted.  A  recent  act  of  the  Legisla- 
ture of  the  State  of  Illinois  transferred  to  the  South  Park  Commis- 
sioners whatever  title  the  State  might  have  had  in  the  submerged 
land  in  question,  and  there  were  other  provisions  in  the  act  which 
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will  eventually  enable  the  Commissioners  to  complete  the  filling  of 
the  outer  work. 

Retaining  Walls. — Among  the  works  required  to  be  done  by  the  Illi- 
nois Central  Railroad  Company  was  the  construction  of  two  retaining^ 
walls,  one  on  the  west  and  one  on  the  east  side  of  the  railroad  right 
of  way.  The  west  wall  has  been  constructed  at  a  cost  of  §120  000  in 
round  numbers,  its  length  being  about  6  000  ft.  Sections  of  this  wall 
are  shown  in  Fig.  4. 

The  construction  of  the  east  wall  is  being  deferred  until  the  outer 
park  will  have  been  suflSciently  filled  to  permit  of  safe  and  econom- 
ical constriTction. 

Viadiccts.— At  the  time  of  writing  this  paper,  viaducts  have  been 
erected  at  Peck  Court  and  at  Harrison  and  Van  Buren  Streets.  These 
viaducts  consist  of  five  girder  spans  resting  on  two  end  abutments  at 
each  edge  of  the  right  of  way,  and  four  intermediate  piers  40  ft.  3^  ins. 
apart.  These  steel  girders  are  of  cantilever  design,  supported  by  steel 
columns  imbedded  in  concrete  foundations.  This  style  of  construc- 
tion was  requisite  on  account  of  the  city  authorities  limiting  the  dis- 
tance from  the  surface  to  the  under  side  of  the  roadway  of  the  viaduct 
(or,  in  other  words,  the  thickness  of  the  floors),  it  being  obligatory  in 
order  to  comply  with  these  requirements,  and  give  the  minimum  ne- 
cessary headway  of  16i  ft.  for  trains  passing  underneath,  to  make  the 
floors  as  shallow  as  possible.  In  order  to  j)rotect  the  intermediate 
steel  columns  from  damage  by  possible  derailments,  they  were  encased 
in  a  concrete  construction,  forming  piers  at  a  height  of  about  4  ft. 
above  the  rail.  Fig.  5  gives  details  of  the  viaducts,  and  Plate  VII, 
Fig.  2,  shows  the  concrete  base. 

Owing  to  the  large  number  of  engine  movements  under  these  via- 
ducts and  the  closeness  of  the  under  steel  surfaces  to  the  smokestacks 
of  the  engines,  it  was  anticipated  that  unusually  rapid  deterioration 
of  the  steel  work  would  occur  from  the  action  of  the  acids  generated 
by  the  gases  emanating  from  the  engines.  Experiments  with  various 
kinds  of  paint  and  thin  coverings  of  steel  work  having  heretofore 
proved  ineffective,  it  was  determined  to  treat  this  problem  in  a  radical 
manner  and  protect  the  steel  in  these  structures  by  surrounding  it 
with  an  air-tight  casing  of  terra  cotta,  sealing  the  joints  with  Portland 
cement.  The  writer  believes  this  form  of  treatment  of  bridges  over 
railroad  tracks  to  be  original,  and  that  it  will  prove  a  satisfactory  so- 
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lution  of  the  problem.  Plate  VII,  Fig.  1,  shows  the  general  appearance- 
of  one  of  these  viaducts  as  completed.  The  Van  Biiren  Street  viaduct, 
which  was  slightly  wider  than  the  others,  and  more  oi'namental  on 
account  of  its  proximity  to  the  station,  cost  ^28  000. 

Drainage. — Drainage  for  the  dejiressed  tracks  has  been  provided  by 
a  complete  system  of  sewers,  shown  in  Fig.  6.  The  pipe  used  varied 
in  size  from  8-in.  single  to  24-in.  double  thickness,  and  has  cost  iB9  000. 
This  sum,  however,  includes  the  cost  of  2.30  ft.  of  5-ft.  pipe  for  the  exten- 
sion of  the  Twelfth  Street  sewer  throiigh  the  area  filled  in  at  that  point. 
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Fig  4. 
Additional  Filling. — The  area  acquired  from  the  city  in  the  vicinity 
of  Kandolph  Street,  6.67  acres,  required  127  500  yds.  of  material  for 
filling,  while  the  area  filled  at  Park  Row  and  vicinity  required  129  000 
yds.  of  material,  a  total  of  256  500  yds.  Part  of  this  material  was  ob- 
tained by  pumping  m  sand  from  the  bed  of  the  lake  at  a  cost  of  14 
cents  per  cubic  yard,  the  remainder  of  the  filling  being  secured  from 
the  excavation  for  depressing  the  tracks,  from  slag  hauled  in  by  train,, 
and  in  a  small  way  from  material  dumped  in  by  private  parties.  This, 
work  has  been  completed  at  a  cost  of  iB55  000. 
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Fan  Buren  Street  Station. — The  contract  "witli  the  city  also  provicled 
for  the  construction  by  the  Illinois  Central  Railroad  Company  of  a 
suburban  station  at  Van  Buren  Street.  The  ground  assigned  for  this 
piirpose  was  300  ft.  in  length  by  50  ft.  in  width,  the  city  authorities 
requiring,  however,  that  the  roof  of  the  building  should  not  project 
above  the  general  surface  of  the  park  or  above  the  floor  of  the  Van 
Buren  Street  viaduct,  the  center  line  of  which  passes  directly  over  the 
station.  It  was  further  desired  by  the  city  authorities  that  this  sta- 
tion should  be  so  constructed  as  to  permit  of  the  growth  of  vegetation 
on  its  roof,  so  that,  the  station  being  underground,  it  would- not  take 
anything  away  from  the  surface  area  of  the  park.  These  limitations 
added  materially  to  the  difficulty  of  constructing  a  satisfactory  station 
building. 

The  grade  of  the  tracks  at  Van  Buren  Street  being  5.2  ft.  above 
Chicago  datum,  the  floor  of  the  station  was  made  9.75  ft.  above  datum, 
bringing  it  on  a  level  with  the  outside  platform  of  concrete  construc- 
tion which  extended  along  the  front  of  the  station  (with  wooden  exten- 
sions several  hundred  feet  each  way),  and  on  a  level  with  theplatforms 
of  the  suburban  coaches. 

In  order  to  give  access  to  the  station  from  Michigan  Avenue  with- 
out requiring  the  use  of  steps,  a  long  incline  approach  was  constructed, 
27  ft.  in  width,  having  a  concrete  floor,  with  masonry  retaining  walls. 
It  started  at  Michigan  Avenue,  immediately  north  of  the  approach  to 
the  Van  Buren  Street  viaduct,  and  entered  the  station  by  two  steps 
at  the  foot  of  the  incline,  this  rise  being  necessary  on  account  of  drain- 
age. Entrance  to  the  station  is  efiected  by  passing  to  the  right  under 
the  viaduct  and  into  a  loggia,  which  is  flanked  on  either  side  by  a 
ticket  office;  a  connecting  corridor  from  this,  extending  north  and  south 
into  the  main  waiting  rooms,  each  106  x  34  ft. ,  the  north  waiting-room 
being  for  passengers  using  the  local  suburban  trains,  and  the  south  wait- 
ing-room for  passengers  using  the  express  service.  A  space  lOi  ft. 
wide,  extending  the  length  of  each  waiting  room,  and  in  the  rear,  is  set 
aside  for  toilet  and  smoking  rooms  and  other  conveniences.  Over 
these  is  a  prismatic  roof,  provided  with  suitably  protected  openings 
for  ventilation,  thus  affording  light  and  ventilation  along  the  whole 
park  side  of  the  structure.  On  the  track  side  of  the  station  a  con- 
tinuous line  of  windows  and  doors  gives  light  from  that  dii*ection.  In 
addition  to  this,  a  series  of  circular  ventilators  about  19  ft.  apart  was 
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placed  in  the  middle  of  the  roof  over  the  main  Avaiting  rooms.  This 
system  of  lighting  and  ventilation  has  proved  satisfactory.  Plate 
Vm  shows  the  details  of  construction,  and  Plate  IX  gives  views  of  the 
exterior  of  the  station  and  the  main  room. 

A  steam  heating  jilant,  in  which  natural  gas  is  the  generating 
power,  is  located  in  the  basement,  thus  entirely  avoiding  any  incon- 
venience and  uncleanliness  which  would  be  caused  by  the  use  of  coal 
for  fuel.  The  station  is  lighted  at  night  by  electricity.  The  construc- 
tion of  the  station  is  entirely  and  absolutely  fireproof,  the  floors  and 
roof  being  of  girder  construction,  imbedded  in  terra  cotta  and  con- 
crete. The  immediate  covering  of  the  floor  is  of  vitreous  tiling,  while 
the  side  walls  and  intervening  columns  are  covered  with  glazed  tiling. 
No  woodwork  is  used,  except  in  the  doors  and  window  casings  and  the 
seats,  which  are  of  cherry. 

Work  on  this  station  was  commenced  on  June  loth,  1896,  and  com- 
l^leted  the  last  day  of  the  same  year,  though  a  part  of  the  building  was 
put  in  service  on  December  11th.  The  entire  cost  was,  in  round  num- 
bers, SlOO  000. 

The  stafl"  engaged  in  the  design  and  execution  of  these  Lake  Front 
improvements,  under  the  general  direction  of  the  author,  was  as  fol- 
lows : 

David  Sloan,  M.  Am.  Soc.  C.  E.,  assistant  chief  engineer  of  the 
Illinois  Central  Kailroad,  had  general  charge  of  the  depression  and  re- 
arrangement of  tracks,  the  filling  of  the  park  and  the  areas  acquired 
by  the  railroad,  and  generally  assisted  the  author. 

H.  W.  Parkhurst,  M.  Am.  Soc.  C.  E.,  engineer  of  bridges  and 
buildings,  was  resjaonsible  for  the  construction  of  the  Van  Buren 
Street  Station  and  the  design  and  construction  of  the  retaining  wall, 
sea  wall  and  viaducts. 

Mr.  H.  U.  Wallace,  resident  engineer,  had  personal  and  direct 
supervision  of  the  execution  of  the  entii'e  work  on  the  ground. 

Mr.  F.  T.  Bacon,  architect,  made  the  designs  and  detail  plans  of 
the  Van  Buren  Street  Station. 

Mr.  G.  F.  Jenkins,  master  carpenter,  acted  as  superintendent  of 
construction  of  the  Van  Buren  Street  Station. 

The  steel  work  of  the  viaducts  was  inspected  by  John  Lundie,  M. 
Am.  Soc.  C.  E. 
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DISCUSSION 


Mr.  Purdy.  CoEYDON  T.  PuEDT,  M.  Am.  Soc.  C  E. — Chicago  has  always  been 
lacking  in  good  breathing  jilaces  in  the  heai't  of  the  city,  although 
provided  with  a  splendid  system  of  outlying  parks  from  three  to  six 
miles  from  the  business  center.  The  conditions  there  are  such  that  a 
very  large  part  of  the  business  transacted  is  carried  on  in  a  compara- 
tively small  area  included  in  this  center,  and  the  construction  of  a  great 
park  on  the  lake  fi-ont,  within  the  limits  of  this  area,  is  bound  to  be 
of  untold  advantage. 

The  rejoicing  was  great  in  1892  when  it  was  found  that  the  city  had 
a  good  claim  to  the  lake  front.  From  that  time  on  far-seeing  men  de- 
termined that  Chicago  should  have  a  great  park  at  the  very  center  of 
the  city.  For  some  time  the  efforts  of  the  Illinois  Central  Railroad 
Company  to  secure  a  settlement  of  the  matter,  that  would  be  satisfac- 
tory to  them  as  well  as  to  the  public,  engendered  an  ill  feeling  toward 
the  Company  which  it  is  understood  has  now  given  place  to  one  of 
gratification. 

The  city  has  not  only  to  rejoice  in  the  prospect  of  the  park  and  the 
hiding,  so  to  speak,  of  the  railroad  traffic  in  the  territory  which  will 
be  given  over  to  the  park,  directly  in  front  of  the  Auditorium  and 
other  large  hotels  on  the  lake  front,  and  which  will  be  a  lasting  delight 
to  thousands  for  all  time  to  come,  but  it  has  also  to  rejoice  that  this 
same  lake  front  can  never  be  built  up  with  docks  for  the  handling  of 
the  lake  commerce. 

Chicago  has  long  faced  and  is  still  facing  a  j^roblem  even  greater  than 
that  of  making  a  i^ark  in  the  center  of  the  city — the  problem  of  what  to 
do  with  its  constantly  increasing  commerce.  Until  within  compara- 
tively recent  years,  the  long,  narrow  Chicago  River  was  ample  for  the 
purpose.  Now  it  is  entirely  inadequate,  not  only  in  length  and 
breadth,  but  also  in  depth,  there  being  only  16  to  18  ft.  of  water  over 
the  tunnels  under  the  river.  The  result  is  that  the  lake  commerce  is 
turning  toward  the  Calumet  River. 

At  times  it  was  proposed  to  build  docks  on  the  lake  front,  and,  in- 
deed, this  has  been  done  to  some  extent  immediately  about  the  mouth 
of  the  Chicago  River.  If  the  entire  lake  front  had  been  given  over  to 
the  shipjsing  interests,  the  lake  border  of  the  city  would  have  become 
like  the  dock  front  of  New  York  City,  bringing  with  it  innumerable 
disadvantages,  with  very  questionable  benefits  to  compensate  therefor. 
This  is  a  great  satisfaction  to  everyone  having  the  good  of  the  city  at 
heart. 

The  lake  tonnage  entering  and  leaving  Chicago  is  very  great;  in- 
deed,  few  people,  aside  from  those  personally  interested,  have  any 


DISCUSSIQ-N"   ON    LAKE   FKONT   IMPROVEMENTS.  335 

conception  of  the  magnitude  of  the  commerce.     It  has  been  estimated,  Mr.  Purdy. 
for  example,  that  the  tonnage  passing  through  the  Detroit  Kiver  an- 
nually is  greater  than  the  foreign  tonnage  received  and  cleared  from 
all  the  seaboard  harbors  of  the  country. 

L.  M.  Haupt,  M.  Am.  Soc.  C.  E. — The  facilities  for  lake  sliipments  Mr.  Haupt. 
at  Chicago  j^resent  a  serious  j^roblem,  as  Mr.  Purdy  has  shown.  Some 
ten  years  ago  the  speaker  prepared  a  plan  for  affording  some  relief  by 
connecting  the  Calumet  River  with  Lakes  Wolf  and  George,  and  con- 
verting these  lakes  into  a  commercial  basin  with  large  wharfage  facili- 
ties. Recently  a  syndicate  has  been  formed  for  the  same  purpose,  and 
it  certainly  seems  as  if  Chicago  would  be  forced  to  do  something  in 
this  direction. 

The  tonnage  passing  through  the  Great  Lakes  is  now  very  large, 
that  through  the  Detroit  River  being  estimated  at  about  40  000  000 
more  than  the  maritime  commerce  of  London  and  Liverpool  combined. 
The  growth  of  the  commerce  through  the  Sault  Ste.  Marie  canal  has 
been  jihenomenal.  The  first  locks  accommodated  vessels  with  a  maxi- 
mum draught  of  12  ft. ;  they  were  enlarged  in  1883  to  a  draught  of 
16  ft.,  and  the  tonnage  increased  at  the  rate  of  nearly  1  000  000  an- 
nually to  17  000  000,  until  the  lockage  facilities  proved  too  small  for 
the  demand.  Recently  the  new  locks  were  built,  but  they  have  been 
in  use  for  such  a  short  period  that  their  effect  on  the  tonnage  cannot 
be  estimated  as  yet.  The  Canadian  canal,  recently  opened,  takes  only 
about  5%  of  the  total  tonnage  j^assing  Sault  Ste.  Marie,  so  that  its  in- 
fluence is  slight.  The  total  railway  traffic  in  Illinois  is  about  70  000  000 
tons,  or  about  10%  of  that  of  the  United  States. 

Edwakd  p.  Nokth,  M.  Am.  Soc.  C.  E. — The  17  000  000  tons  passing  Mr.  North, 
the  Sault  Ste.  Marie  canal  is  about  1  000  000  tons  less  than  the  com- 
merce entering  and  leaving  the  jjort  of  Liverpool,  and  4  000  000  or 
5  000  000  less  than  that  entering  and  leaving  the  port  of  London.  At 
Detroit  there  is  not  only  this  commerce,  but  also  that  of  Chicago, 
which  brings  that  total  to  over  40  000  000  tons. 
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WITH  DISCUSSION. 


Classification  and  History. 

Taxation  has  been  the  most  i^otent  factor  in  the  history  of  nations. 
It  remains  the  most  powerful  influence  in  governmental  functions  of 
the  present.  The  justness  of  the  system  and  of  its  apportionment  are 
fundamental  necessities  in  both  national  and  municipal  government. 
Adequate,  equable  and  just  methods  in  taxation  may,  at  times,  seem 
hardly  realized,  especially  under  the  charter  restrictions,  local  usage 
and  the  condition  of  municipal  finances  in  some  cities;  but  correct 
principles  will  be  the  aim  and  the  tendency  in  any  system  that  holds 
the  confidence  and  support  of  the  citizens. 

Omitting  gifts  and  income  from  quasi-private  business  undertak- 
ings, both  of  which  are  of  little  moment  in  this  nation,  revenue  is  de- 
rived from  compulsory  contribution  under  the  process  of  eminent 
domain,  penalties,  fees  and  taxes.  Under  the  power  of  eminent  do- 
main private  property  is  taken  for  jjublic  uses,  but  its  value  is  paid 
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to  the  owner,  resulting  in  only  an  incidental  revenue,  if  it  exists  at  all. 
Penalties  and  fines  are  imiDosed  under  the  penal  power  primarily  for 
punishment,  but  revenue  results.  Fees  arise  under  the  police  power 
and  consist  of  an  enforced  payment  to  cover,  in  whole  or  in  part,  the 
exi^ense  of  each  act  or  special  service  rendered.  A  tax  is  an  enforced 
contribution  by  all  the  interests  affected,  levied  by  the  authority  of 
the  state  for  the  maintenance  of  the  institutions  and  interests  of  the 
government  and  without  reference  to  the  particular  benefits  confei-red. 
Taxes  may  be  either  general  or  special,  as  the  object  is  for  the  general 
interest  or  for  the  advantage  of  a  certain  portion  or  district.  It  is 
sometimes  difficult  to  distinguish  between  fees  and  taxes,  but  the 
underlying  purpose  in  each  case  will  generally  decide.  The  jjolice 
power  is  exercised  jarimarily  for  the  purpose  of  regulation,  the  idea  of 
revenue  being  incidental;  while  taxation  has  revenue  as  its  object, 
with  special  advantages  (when  they  occur)  as  incidental.  Adam  Smith 
distinguished  the  former  as  particular  contributions,  and  the  latter  as 
general  contributions.  The  one  is  apportioned  according  to  the 
privileges  or  benefits  received;  the  other  to  the  ability  to  pay. 

Under  which  head  shall  special  assessments  be  classed?  Local  as- 
sessments in  some  characteristics  invade  the  domain  of  both  the  jjolice 
power  and  the  taxing  power,  and  in  the  early  days  of  its  growth  it  was 
the  practice  to  assess  such  charges  under  the  one  power  or  the  other 
as  circumstances  seemed  to  make  the  more  advantageous.  Especially 
have  special  assessments  and  siDecial  taxes  appeared  sometimes  to 
merge,  as  here  the  distinction  between  a  local  and  a  general  apijlica- 
tion  is  lost. 

The  distinctively  American  principle  of  special  assessments  has  been 
a  growth  occasioned  by  public  necessities  and  common  justice,  sanc- 
tioned by  statutes,  interpreted  by  judicial  decrees,  and  firmly  estab- 
lished in  the  economics  of  the  republic.  By  reference  to  the  Ajapendix, 
where  the  law  of  special  assessments  is  treated  at  length,  and  to  the 
following  paragraphs,  it  will  be  seen  that  the  correct  principle  and 
almost  universal  practice  is  to  include  them  under  the  general  taxing 
power,  and  yet  consider  them  to  differ  from  taxes  in  general  to  an  ex- 
tent that  holds  them  not  in  violation  of  constitutional  requirements 
providing  that  taxation  shall  be  equal  and  uniform.  Local  assess- 
ments belong  to  the  taxing  power  because  they  are  primarily  for  rais- 
ing revenue,    and  they   must   be   for  public   purposes,    capable    of 
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apportionment,  collectible  by  compulsory  process,  and  not  arbitrary 
in  effect.  They  differ  from  taxes,  special  and  general,  in  the  fact  that 
a  real  benefit  to  the  contributor  is  conferred,  which  is  the  measure  of 
liability  to  be  taxed,  and  this  is  not  true  of  taxes.  They  are  distinct 
from  fees  in  that  they  are  restricted  to  a  particular  object,  district  and 
time,  and  their  purpose  is  revenue,  and  not  regulation  or  special  priv- 
ilege. It  would  be  hardly  necessary  to  distinguish  special  assess- 
ments from  expropriation  under  the  power  of  eminent  domain,  except 
that  there  sometimes  arises  a  confusion  of  two  distinct  processes.  In 
the  prosecution  of  a  public  project,  the  land  that  is  required  is  secured 
directly  by  expropriation ;  but  the  exercise  of  the  power  of  eminent 
domain  stops  here,  and  the  improvement  is  efi"ected  and  its  cost 
apportioned  under  the  wholly  distinct  process  of  local  assessment. 

A  special  assessment  may,  then,  be  defined  as  "a  compulsory  con- 
tribution paid  once  and  for  all  to  defray  the  cost  of  a  specific  im- 
provement to  property,  undertaken  in  the  public  interest,  and  levied 
by  the  government  in  proportion  to  the  special  benefits  accruing  to 
the  property  owner."* 

The  history  of  special  assessments  covers  more  than  two  centuries. 
Of  continental  Europe  only  Belgium  and  Germany  have  applied  the 
princijile  to  any  considerable  extent,  the  former  having  made  use  of  the 
system  during  the  greater  part  of  this  century,  and  the  latter  having  em- 
ployed it  for  a  score  of  years,  principally  in  the  construction  of 
streets.  However,  there  is  this  distinction  in  principle  between  the 
continental  and  the  American  systems;  while  in  this  country  it  is 
levied  under  the  taxing  power,  in  Europe  it  is  considered  an  exercise 
of  the  police  power,  which  there  includes  not  only  the  regulation  of 
the  acts  and  conduct  of  the  people  in  the  interest  of  the  general  safety, 
health,  morals,  order  and  justice,  as  in  the  United  States,  but  is  ex- 
tended in  scope  to  include  also  the  j^ower  to  secure  general  advan- 
tages and  public  improvements.  Great  Britain  has  enacted  such  laws 
on  three  different  occasions,  but  none  are  now  in  force.  The  most 
marked  of  these  laws  was  that  passed  in  1667  to  regulate  the  rebuild- 
ing of  London  after  the  great  fire  of  the  year  preceding,  thus  making 
it  the  first  law  ever  enacted  which  conformed  closely  in  principle  to 
our  present  laws.  It  is  also  interesting  as  forming  the  model  upon 
which  the  first  American  law  was  framed. 

*  E.  R.  A.  Seligman,  Quarterly  Journal  of  Economics,  April,  1893. 
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In  America,  the  ColoBv  of  New  York  first  enacted  a  true  special 
assessment  law  for  New  York  City,  the  date  being  1691.  A  literal 
copy  of  the  pertinent  i^ortions  of  this  act  follows:* 

"  An  Act  for  Regulating  the  Buildings  Streets  Lanes  Wharfs  Docks 
and  Alleyes  of  the  Citty  of  New  Yorke. " 

' '  Forasmuch  as  the  Citty  of  New-Yorke,  the  Metropolis  of  this  Pro- 
vince was  Cheifly  Erected  by  the  Inhabitants  thereof  for  the  propogating 
and  Encouragement  of  Trade  and  Commerce  and  for  the  good,  benefite 
and  welfare  of  their  Majesties  Subjects  inhabiting  within  this  Pro- 
vince And  forasmuch  as  it  is  very  necessary  for  TraflBck  and  Com- 
merce that  buildings,  streets,  lanes,  wharflfs,  docks  and  alleyes  of  the 
said  Citty  be  conveniently  regulated  with  uniformity,  for  the  accom- 
modation of  habitations  shipping  Trade  and  Commerce.  And  that  all 
impediments  and  Obstructions  that  may  retard  so  necessary  a  Work 
may  be  removed  bee  it  therefore  exacted  by  the  Commander  in  Cheif 
and  Council  and  Representatives  mett  in  Generall  Assembly  and  by 
the  authority  of  the  same  That  the  Mayor  Aldermen  and  Common 
Council  of  the  said  Citty  shall  and  may  at  their  will  and  pleasure 
*  -x-  *  *  *  *  * 

"  And  forasmuch  as  the  filth  and  soile  of  the  said  Citty  lying  in  the 
publick  streets  thereof  doth  often  prove  A  Common  nuisance  unto 
the  Inhabitants  and  Traders  to  and  from  the  said  Citty  and  very  pre- 
judicial! to  their  health  for  the  removall  thereof  Bee  it  further  Enacted 
by  the  authority  aforesaid  that  the  Numbers  and  places  for  all  comon 
Shoars  Drains  and  vaults  and  the  order  and  manner  of  paving  and 
pitching  the  streets  lanes  and  alleyes  of  the  said  Citty  shall  be  designed 
and  sett  out  by  the  Mayor  Aldermen  and  Comon  Councill  of  the  said 
Citty,  together  with  the  said  surveyors  and  Supervisors  ajipointed  in 
manner  aforesaid  and  when  they  Assemble  shall  have  power  and 
authority  to  order  and  direct  the  making  of  Vaults  drains  and  Sewers 
or  to  cut  into  any  drains  or  Sewers  already  made  and  for  the  altering 
inlarging  amending  cleansing  and  scouring  of  any  vaults  Sincks  or 
comon  Sewers  and  for  the  better  Eftecting  whereof  it  shall  and  may 
be  lawfull  to  and  for  the  said  Mayor  Aldermen  and  Comon  Council 
together  with  the  said  Surveyors  and  supervisors  at  their  said  meeting, 
to  impose  any  reasonable  Tax  upon  all  houses  ^-ithin  the  said  Citty  in 
proportion  to  the  benefite  they  shall  receive  thereby  for  and  towards 
the  making  cutting  altering  inlarging  amending  cleansing  and  scouring 
all  and  singular  the  said  Vaults  drains  Sewers  pavements  and  pitch- 
ing aforesaid,  and  in  default  of  jjayment  of  the  said  sume  to  be 
Charged  it  shall  and  may  be  lawfull  to  and  for  the  said  Mayor  and 
Aldermen  &:g  so  authorized  as  aforesaid  by  order  or  waiTant  under 
their  Hands  and  seals  to  levy  the  said  sume  and  sumes  of  money  soe 

*  From  "The  Colonial  Laws  of  New  York"  (compiled  by  the  statutory  revision  com- 
mission, 1894),  Vol.  I,  pp.  26C-271. 
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assessed  by  distresse  and  sale  of  the  goods  of  tlie  partyes  chargeable 
therewith  and  refuising  and  neglecting  to  j^ay  the  same  rendring  the 
Overplus  if  any  be,  AiiW AYES  PKOViDED     *****." 

This  law,  just  quoted,  involved  the  essential  characteristics  of 
special  assessments,  as  it  plainly  applied  to  street  pavements  and  to 
sewers  the  principle  of  assessing  the  cost  of  public  imi^rovement.  by  a 
special  procedure,  upon  the  property  interested  in  proportion  to  the 
lienefits  received,  forcing  the  payment,  if  necessary,  in  the  manner 
customary  with  general  taxes. 

The  next  similar  law  enacted  in  this  country  was  a  province  law  of 
Pennsylvania  of  the  year  1700.  This  pi-ovided  that  "to  defray  the 
charge  of  pitching,  paving,  gravelling  and  regulation  of  said  streets 
*  *  *  each  inhabitant  was  to  pay  in  proportion  to  the  number  of 
feet  of  his  lots  *  *  *  adjoining,  on  each  or  either  side  of  the  said 
streets."* 

The  only  remaining  province  which  promulgated  similar  laws  be- 
fore the  formation  of  the  republic  was  Massachusetts.  During  the 
reigns  of  Queen  Anne  and  George  III,  "  persons  receiving  any  benefit 
from  common  sewers,  either  direct  or  remote,  were  obliged  to  pay 
such  proportional  part  of  making  or  repairing  the  same  as  should  be 
assessed  to  them  by  the  selectmen  of  the  towns."!  These  acts  are 
dated  1709  and  1761. 

At  the  close  of  the  Revolution,  laws  of  a  similar  nature  were  re- 
enacted,  generally  with  more  definite  provisions,  by  the  three  com- 
monwealths. By  a  statute  passed  in  1781,  in  that  part  of  Charlestown, 
Mass. ,  laid  waste  by  fire  by  the  British  troops,  the  improvement  of 
streets  was  paid  for  by  assessment  on  property  benefited;  other  simi- 
lar laws  followed.  The  old  New  York  law  seems  to  have  remained  in 
force,  though  little  used,  until  1787,  when  it  was  amended  and  made 
more  definite.:}:  Pennsylvania  at  this  period  inclined  to  move  back- 
ward from  the  theory,  as  the  cost  of  improvement  was  made  payable 
by  taxation  and  not  on  the  principle  of  assessment  according  to 
benefits.  Again,  about  the  time  of  the  war  of  1812  there  are  clustered 
some  further  provisions  of  a  similar  nature.  Several  suburbs  of  Phila- 
delphia applied  the  principle  at  this  time,|  and  in  New  York  the  cities 
of  New  York,  Albany,  Schenectady  and  Hudson  were  authorized  to 

*  Cited  in  65  Pa.  St.,  158. 

t  Cited  by  Chief  Justice  Bigelow  in  94  Mass.,  239  (All.  12.) 
t  Chapter  88  of  the  10th  Session.  Laws  of  New  York,  p.  544. 
§  65  Pa.  St.,  160,  etc. 
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make  use  of  the  system  in  1813,  Troy  in  1816,  Utica  in  1817,  and  other 
towns  seem  to  have  had  the  same  power  given  them  at  this  time, 
though  in  less  definite  language.* 

Following  the  example  of  the  enactments  mentioned,  and  encour- 
aged and  stimulated  by  their  application  in  the  instances  given,  the 
principle  of  special  assessments  begiin  to  be  adopted  quite  extensively 
and  thoroughly,  resulting  in  a  steady  growth  and  an  increasing  appli- 
cation throughout  the  present  century.  The  following  dates  may  be 
taken  as  indicating  about  the  time  when  the  system  became  adopted  in 
the  policies  of  the  different  states  and  territories;!  these  dates  usually 
mark  a  real  application  of  the  principle  in  the  charter  of  some  city, 
followed  generally  by  court  decisions  in  the  main  upholding  the 
method,  and  by  a  substantial  and  continuous  development  of  the  sys- 
tem in  other  portions  of  the  commonwealth  in  question. 

The  principle  may,  then,  be  considered  as  dating,  in  New  York 
from  1813;  Kentucky,  from  1813;  Michigan,  1827;  Pennsylvania,  1832; 
Louisiana,  1832;  New  Jersey,  1836;  Ohio,  1836;  Illinois,  1837;  Mary- 
land, 1838;  Connecticut,  1843;  Wisconsin,  1846;  Indiana,  1846;  Mis- 
sissippi, 1846;  California,  1850;  Oregon,  1851;  Missouri,  1853;  Rhode 
Island,  1854;  Iowa,  1855;  Delaware,  1857;  Kansas,  1864;  Massachu- 
setts, 1865;  District  of  Columbia,  1865;  Virginia,  1866;  Vermont, 
1868;  West  Virginia,  1868;  Minnesota,  1869;  New  Hampshire,  1870; 
Texas,  1871;  Maine,  1872;  Nebraska,  1873;  Florida,  1877;  Georgia, 
1881;  Nevada,  1881;  Washington,  1883;  Alabama,  1885;  North  Caro- 
lina, 1887;  North  Dakota,  1887;  South  Dakota,  1887;  Montana,  1887; 
Idaho,  1887;  Wyoming,  1887;  Utah,  1888;  Colorado,  1889;  Oklahoma 
T.,  1890;  New  Mexico  T.,  1891;  Arizona  T.,  1893;  and  South  Caro- 
lina seems  now  prepared  to  return  to  the  favorable  attitude  she 
held  in  the  first  half  of  this  century  (though  this  policy  was  after- 
ward reversed),  as  the  new  state  constitution  (1895),  recognizes  the 
"power  of  cities  and  towns  to  levy  taxes  and  assessments  *  *  * 
and  no  tax  or  assessment  shall  be  levied  or  debt  contracted  excejjt  in 
pursuance  of  law,  for  public  purposes  specified  by  law."  As  yet  the 
general  assembly  of  South  Carolina  has  passed  no  act  declaring  the 
exact  scope  of  this  provision. 

*  See  Laws  of  New  York,  1S13-1818. 

t  The  greater  part  of  these  dates  are  taken  from  the  extensive  monograph  of  Victor 
Rosewater,  in  Vol.  ii  of  the  Columbia  College  "  Studies  in  History,  Economics  and  Public 
Law  "  (1893),  to  which  the  author  is  also  indebted  for  others  of  the  references  in  this  his- 
torical resume. 
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There  remain  only  two,  from  among  the  states  and  territories  of 
the  republic,  whose  settled  j^olicy  continues  adverse,  Arkansas  ac- 
cepting the  iirinciple  only  partially,  and  Tennessee  not  at  all. 

Arkansas  considers  special  assessments  as  under  the  taxing  power, 
but  the  state  constitution  of  1874  provides  that  such  assessments 
must  be  preceded  by  "  the  consent  of  a  majority  in  value  of  the  prop- 
erty-holders owning  property  adjoining  the  locality  to  be  affected  ; 
but  such  assessments  shall  be  ad  valorem  and  uniform."  As  this  sub- 
stitutes for  the  princij)le  of  assessment  according  to  benefit  the  method 
of  according  to  value,  it  departs  to  this  extent  from  the  true  principle 
of  special  assessments,  and  conforms  more  to  the  idea  of  a  special  tax. 
Following  this  theory  statutes  were  enacted  in  1881  under  which  im- 
provements have  been  made  and  their  cost  assessed  within  "improve- 
ment districts  "  according  to  the  in-inciple  given. 

In  Tennessee  the  Supreme  Court  in  1872  declared  sijecial  assessments 
absolutely  void  because  in  violation  of  the  provisions  of  the  state 
constitution  of  1870,  which  provides  that  all  state,  county  and  muni- 
cipal taxes  shall  be  equal,  uniform,  and  according  to  value.  These 
were  held  to  specify  the  sole  rule  by  which  any  tax  can  be  imposed, 
and  the  "  spirit  of  the  constitution  imperatively  demands  that  it  be 
observed  in  all  cases."*  There  is  an  exception  made  in  favor  of 
assessments  that  clearly  and  unmistakably  can  be  levied  under  the 
police  power,  especially  for  sidewalks,  but  so  completely  has  this 
decision  affected  the  policy  of  the  state,  that  the  only  provision  for 
municipal  improvements  in  later  laws  (especially  those  of  1883)  allows 
the  raising  of  the  necessary  funds  only  by  general  taxation,  for  such 
works  as  leaving,  sewers,  water-works,  etc. 

Present  Pkactice  in  Fiftt  Cities. 

During  the  early  part  of  the  present  year  information  was  furnished 
by  officials  of  the  following  cities,  giving  their  actual  methods  of 
making  special  assessments.  To  the  city  engineers  and  other  officials 
through  whose  courtesy  this  data  has  been  secured,  acknowledgment 
is  here  given  of  the  value  which  such  facts  furnish  to  an  extended 
discussion  of  this  subject.  It  was  the  endeavor  to  select  these  munici- 
palities so  as  to  make  the  methods,  as  illustrated  by  them,  representa- 
tive of  American  practice;  and  therefore  they  were  chosen  to  secure 

*  Freeman,  J.,  in  9  Heisk,  349. 
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as  complete  a  geograpliical  distribution  as  possible,  besides  includ- 
ing smaller  cities  as  well  as  the  larger  and  more  important  ones. 
While  special  assessments  usually  are  levied  for  the  construction  of 
sidewalks  and  curbing  (but  sometimes  under  the  distinct  authority 
of  the  police  power),  and  while  the  cost  of  bridges,  street  lighting, 
the  maintenance  and  repair  of  public  improvements,  and  other  such 
expenses,  are  sometimes  so  assessed  (although  the  customary  way  is'  to 
charge  them  to  the  city),  yet  it  has  been  deemed  suflScient  for  this  in- 
vestigation that  it  should  cover  only  the  more  usual  and  imi^ortant 
subjects  of  assessment,  that  is,  pavements  (including  foundations  and 
grading  for  the  paving),  sewers,  and  water-works;  the  question  of 
assessing  the  expense  of  street  sprinkling,  now  growing  in  imi^ortance, 
is  also  covered,  as  well  as  that  of  limiting  the  total  amount  that  can 
be  levied  to  a  certain  percentage  of  the  tax  valuation  of  the  i^roiserty. 
The  following  list  is  arranged  according  to  the  geographical  location 
of  the  cities  replying. 

Portland,  Me. — This  city  lays  the  total  cost  of  all  street  improve- 
ments upon  the  city.  Its  water-works  were  constructed  and  are  still 
owned  by  a  private  company,  thus  escaping  the  question  of  direct 
special  assess  ment.  Its  sewer  system  is  constructed  by  placing  the 
expense  of  the  main  sewers  upon  the  city,  together  with  one-third  the 
cost  of  the  laterals,  while  two-thirds  of  the  cost  of  the  latter  is  assessed 
on  lots  benefited,  in  proportion  to  area.  Street  sprinkling  is  done  by 
private  arrangement,  the  rate  being  about  10  cents  per  front  foot. 

Manchester,  N.  H. — In  this  city  the  total  cost  of  all  jsublic  improve- 
ments is  paid  by  the  city,  the  only  j^artial  returns  for  the  same  being 
the  water  rates  charged  those  using  the  city  water,  and  a  charge  for 
sewer  entries  of  30  cents  per  front  foot  on  all  streets  except  one,  where 
the  charge  is  50  cents  per  front  foot.  The  street  sj^rinkling,  even,  is 
done  at  the  expense  of  the  city. 

Lowell,  Mass. — This  city  requires  a  street  to  be  graded  satisfactorily 
to  the  council  at  private  expense  before  it  will  be  accepted  by  the  city  as 
a  public  thoroughfare;  all  subseqiient  improvements  are  paid  for  by  the 
city.  The  established  water  rates  are  the  only  individual  charge  for 
water-works.  For  lateral  sewers  the  abutting  property  pays  one-half 
the  cost,  or  less,  the  city  bearing  the  remainder.  Where  a  main  sewer 
is  laid  in  a  street  the  abutters  are  assessed  on  the  basis  of  what  would 
be  the  amount  on  a  lateral  sewer  instead.     The  cost  of  street  sprink- 
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ling,  which  is  done  by  the  city,  is  assessed  upon  the  frontage,  amount- 
ing to  about  4,  5  and  6  cents  jjer  linear  foot  on  streets  40,  50  and  60 
ft.  in  width. 

Springfield,  Mass. — All  street  improvements  are  effected  by  general 
taxation.  The  water- works  were  similarly  constructed,  the  water  rates 
apparently  being  devoted  to  maintenance.  The  sewers  were  also  built  at 
the  city's  expense,  but  there  are  certain  charges  for  connection  which, 
in  the  case  of  stores  and  manufactories,  amount  to  SI  50  per  front  foot. 
One-half  of  the  cost  of  sprinkling  is  paid  by  the  city  and  one-half  by 
abutting  property  according  to  frontage. 

Woi'cester,  Mass. — The  city  assesses  the  cost  of  grading  on  property 
generally  by  the  frontage  rule,  but  at  times  by  area.  Paving  and  re- 
paving  is  charged  to  the  city.  Its  water-works  system  was  also  built 
by  the  city  at  its  own  expense.  The  property  benefited  bears  three- 
fourths  the  cost  of  lateral  sewers,  and  the  city  the  balance.  Where  a 
main  sewer  occurs,  the  projjerty  pays  what  would  be  charged  if  it  were 
a  lateral,  and  the  city  the  remainder.  For  sprinklmg  the  streets  the 
city  gives  the  water  and  assesses  the  cost  of  distribution.  Assess- 
ments are  not  limited  to  a  certain  percentage  of  the  tax  valuation  of 
the  property. 

Providence,  E.  I. — This  city  accepts  streets  only  when  they  aj.-e 
brought  to  grade  by  the  previous  owners.  All  street  improvements 
are  made  at  the  expense  of  the  city.  Concerning  the  water -works,  rates 
are  charged  the  consumers  sufiBcient  not  only  for  maintenance  and  the 
necessary  extension,  but  also  to  pro-side  for  the  sinking  funds  for  the 
cost  of  construction.  Examples  of  the  rates  charged  are:  For  one 
faucet,  S6;  bath-tub,  $5;  water-closet,  S5;  and  set  basin,  82  per  year. 
For  the  sewer  system,  jDroperty  benefited  pays  60  cents  per  linear  foot 
frontage,  and  1  cent  per  square  foot  of  area,  the  city  paying  the 
remainder.  It  is  estimated  that  this  method  charges  the  jjroperty 
with  50  to  60j?^  of  the  cost  of  the  entire  system.  Street  sprinkling  is 
entirely  by  private  arrangement. 

Hartford,  Conn. — Streets  are  graded  at  the  expense  of  the  city.  Sub- 
sequent improvements  are  charged,  two-thirds  u j)on  abutting  projDerty 
according  to  its  linear  frontage,  and  one-thii'd  upon  the  city.  Repairs 
are  made  under  five-year  guaranty  by  the  contractor;  otherwise  by  the 
city.  Water- works  were  also  built  at  the  public  expense,  rates  to  con- 
sumers  now  covering  the  ordinary  expenses.      Intercepting  sewers 
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have  been  built  at  the  city's  exiiense,  but  of  the  general  sewer  system 
itself  the  total  cost  of  any  main  with  its  laterals  is  ' '  assessed  pro  rata 
ujjon  the  property  benefited,  by  the  front  foot,"  corner  lots  jjaying 
only  for  one  front.  Sprinkling  is  done  by  private  contract.  There  is 
no  limit  fixed  by  requiring  special  assessments  not  to  exceed  a  certain 
ratio  of  the  tax  valuation  of  the  lots  affected. 

New  Haven,  Conn. — Here  the  grading  is  done  by  the  city.  For 
street  imj^rovements  the  property  abutting  pays  for  1  sq.  yd.  for  each 
running  foot  of  front,  if  there  has  been  no  previous  assessment  for 
similar  work;  but  if  it  is  a  renewal,  the  cost  of  3^  sq.  ft.  is  similarly  as- 
sessed. The  water-works  are  owned  by  a  private  corjioration.  For 
the  sewers  the  general  rule  has  been  followed  of  assessing  at  the  rate 
of  ^1  45  per  front  foot.  This  rule,  formulated  when  the  system  was 
devised  in  1872,  was  so  fixed  under  the  expectation  that,  when  the  sys- 
tem shall  be  entirely  completed,  it  will  result  in  placing  one-third  the 
cost  on  the  city  and  two-thirds  on  the  adjoining  jaroperty.  Street 
sprinkling  is  assessed  against  the  lots  affected  by  linear  frontage. 

Albany,  N.  F.— This  city  places  the  cost  of  grading  for  street  im- 
provements entirely  upon  contiguous  property,  but  by  an  elastic  rule 
which  permits  the  Board  of  Contract  and  Ajiportionment  to  vary  the  dis- 
tribution between  the  "  frontage  "  rule  and  the  "  area  "  rule,  as  seems 
most  just  in  any  case.  Unlike  most  New  England  cities,  the  abutting 
property  pays  for  paving  in  proportion  to  its  frontage  usually,  yet  here 
also  there  is  some  elasticity  allowed,  permitting  other  methods  if  deemed 
more  fair.  The  city  pays  no  proportion  except  for  city  property  abut- 
ting. Street  intersections  are  assessed  on  the  street  and  on  lateral  streets 
for  half  the  depth  of  the  blocks.  Allowances  are  made  for  corner  lots. 
For  repaving  the  same  method  is  followed  as  for  the  original  work  if 
half  the  frontage  affected  petitions  for  some  different  kind  of  pavement; 
otherwise,  the  city  bears  the  expense.  The  charter  compels  the  pav- 
ing contractor  to  repair  for  from  five  to  fifteen  years.  Concerning  the 
water- works  system  the  only  private  charge,  except  the  water  rents 
(amounting  to  8  cents  per  1  000  galls,  where  meters  are  used),  is  an 
assessment  to  jjay  partially  for  the  extension  of  the  distributing  system 
to  localities  which  previously  had  no  suj^ply,  thus  charging  such  prop- 
erty to  an  extent  which  will  at  least  partially  compensate  for  its  jire- 
viously  escaping  all  water  rents;  in  this  category  have  occurred  some 
distributing  mains  which  the  water  commissioners  attempted  to  pay 
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for  with  city  bonds,  but  were  ijrevented.  In  the  consideration  of  the 
sewer  system  the  same  latitude  of  action  is  allowed  the  Board  of  Con- 
tract and  Apportionment  as  before,  the  purpose  being  to  secure  assess- 
ments in  proportion  to  benefits,  but  the  result  being  assessment 
according  to  no  fixed  rule  but  variation  in  method  according  to  circum- 
stances in  each  case;  the  frontage  method  and  the  area  rule  have  both 
been  used.     The  most  of  the  sprinkling  is  by  private  contract. 

Brooklyn,  N.  Y. — In  this  city  grading  and  paving  are  usually  as- 
sessed on  proi^erty  contiguous.  &0%  of  the  total  being  a^jportioned  on 
property  abutting  in  i3roportion  to  frontage,  and  40%  on  property 
within  the  district  (usually  one-half  block  each  side  of  the  improved 
street)  according  to  area.  Reiiaving  is  paid  for,  one-half  by  the  city  and 
one-half  by  property,  according  to  frontage,  unless  the  street  carries 
a  street  railway,  in  which  case  one- fourth  of  the  total  expense 
(which  forms  the  railway's  portion)  is  deducted  from  the  burden  on 
the  property,  thus  reducing  its  proportion  to  one-fourth  the  total. 
The  water- works  supply  system  and  mains  are  constructed  and  laid  at 
the  city's  expense,  while  the  laterals  are  charged  on  property  by  the 
frontage  rule.  The  water  revenue  (the  rates  may  be  judged  from  the 
meter  charge  of  7i  cents  per  100  cu.  ft.)  provides  for  maintenance, 
interest  on  water  bonds,  and  a  certain  j^ercentage  of  the  debt  through 
the  sinking  fund.  The  cost  of  the  sewer  system  is  entirely  charged  to 
property  benefited  according  to  area,  except  for  reconstruction  or 
for  special  relief  sewers,  for  which  the  city  pays.  Street  sprinkling  is 
by  i^rivate  contract.  There  is  no  percentage  limit  to  the  amount  that 
may  be  assessed  on  property,  reckoned  on  its  tax  valuation. 

Buffalo,  N.  Y. — This  city  places  the  cost  of  grading,  leaving  and 
the  renewal  of  pavements  all  on  abutting  property  in  proportion  to 
frontage;  and  maintenance,  when  it  requires  the  replacing  of  one-third 
the  pavement  or  more,  becomes  a  renewal.  The  water- works  system 
w^as  built  and  is  extended  by  the  city.  The  main  sewers  are  built  at 
the  expense  of  property,  a  varying  percentage  being  assessed  by  front- 
age and  the  balance  over  all  the  area  tributary.  The  laterals  are  built 
from  the  proaeeds  of  a  frontage  assessment.  However,  some  intercept- 
ing sewers  have  been  entirely  at  the  expense  of  the  city.  Street 
sprinkling  is  assessed  on  property  by  the  frontage  rule. 

Neic  York,  N.  Y. — This  city  levies  assessments  for  i:)ublic  improve- 
ments through  a  Board  of  Assessors,  in  whose  province  lies  the  deter- 
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mination  of  the  particular  metliod  by  which  the  assessment  is  appor- 
tioned. Nevertheless  it  is  the  common  jiractice  to  assess  the  cost  of 
grading  and  jiaving  upon  abutting  property  in  jiroportion  to  its 
frontage.  The  cost  of  renewal  is  usually  a  general  charge  ujion  the 
city.  There  are  no  local  assessments  to  pay  for  any  part  of  the  water- 
works system;  the  revenue  derived  from  private  persons  is  through  the 
established  water  rents.  All  sewers  are  "  paid  for  by  owners  of  all  the 
projierty  intended  to  be  benefited  thereby."  Any  real  estate  owned  by 
the  city  pays  for  public  improvements  the  same  as  though  it  were  under 
private  ownership.  The  sprinkling  and  cleaning  of  streets  is  paid  for 
out  of  funds  raised  by  general  taxation.  No  property  can  be  assessed, 
for  any  one  improvement,  more  than  one-half  of  its  tax  valuation. 

Rochester,  N.  Y. — The  cost  of  all  street  improvement  is  assessed  uj^on 
abutting  property  according  to  its  frontage  ratio.  The  water-works 
system  is  paid  for  by  the  city.  In  the  sewer  system  the  mains  are 
constructed  at  the  expense  of  i^roperty,  partly  by  frontage  and  partly 
by  an  area  charge,  while  the  laterals  are  biiilt  wholly  by  a  frontage  as- 
sessment. Street  sprinkling  is  made  a  frontage  charge.  There  is  no 
limit  to  the  amount  of  an  assessment  fixed  as  a  percentage  of  tax  valu- 
ation. 

Syracuse,  N.  Y. — Here  the  charter  provides  for  assessments  accord- 
ing to  benefits,  thus  allowing  the  assessors  considerable  latitude.  The 
usual  practice,  however,  is  as  follows :  The  cost  of  all  grading,  paving 
and  renewal  is  placed  upon  abutting  jsroperty  by  the  frontage  rule; 
but  allowances  are  sometimes  made  when  this  would  work  injustice, 
as  in  the  case  of  an  extremely  shallow  lot  or  a  corner  lot.  The  water- 
works system  is  a  charge  upon  the  city,  with  no  personal  charge  except 
the  established  water  rates  to  consumers,  and  no  assessment  upon 
property  except  an  annual  tax  of  5  cents  per  lineal  foot  of  front  (corner 
lots  paying  only  for  their  shorter  fi-ont  and  for  the  other  in  excess  of 
8  rods),  which  is  rebated  upon  the  rates  charged  the  owner  of  the  same 
property  for  the  use  of  water,  but  not  to  exceed  such  rates.  The  cost 
of  all  sewers  is  assessed  upon  property  fronting  ujjon  them  according 
to  linear  extent,  except  where  the  sewer  exceeds  2  ft.  in  diameter;  in 
this  case,  all  expense  in  excess  of  what  a  2-ft.  sewer  would  cost  is  borne 
by  all  the  property  in  its  established  drainage  area,  distributed  accord- 
ing to  the  area  rule.  Street  sprinkling  is  assessed  upon  jjroperty  ac- 
cording to  its  frontage;  and  in  this  city,  again,  the  assessment  is  not 
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limited  to  a  certain  percentage  of  the  tax  valuation  of  the  property 
affected. 

Newark,  N.  J. — Here  the  grading,  curbing  and  paving  are  done  at 
the  expense  of  abutting  property,  and  the  levy  is  made  by  the  front- 
age method,  street  intersections  being  included  in  this  levy,  and  city 
proj^erty  abutting  being  assessed  as  though  it  were  private.  On  corner 
lots,  where  the  long  side  fronts  on  the  improvement,  it  is  the  custom 
to  assess  only  65 jJ^  of  the  regular  frontage  rate.  Renewal  is  made  a 
charge  also  on  abiitting  jjroperty.  The  water-works  were  built  by  the 
city  at  its  expense.  Of  the  sewer  system,  both  mains  and  laterals  are 
a  charge  iipon  abutting  property,  except  that  where  a  main  sewer  is 
laid  the  property  is  charged  only  with  the  cost  that  a  pipe  sewer  would 
have  in  the  same  i^lace.     Street  sprinkling  is  by  private  arrangement. 

Palerson,  N.  J.  — This  city  jjlaces  the  cost  of  grading  and  paving  upon 
property  fronting,  by  linear  proportion.  Kepaving  is  at  the  expense  of 
the  city.  A  private  corporation  owns  the  water-works.  A  certain  lati- 
tude in  the  method  of  making  sewer  assessments  "for  actual  benefits  to 
property  "  seems  to  hold,  for  in  the  case  of  main  sewers  a  certain  pro- 
portion is  i^aid  for  by  property  and  the  balance  by  the  city,  while 
laterals  are  assessed  "  by  commissioners  on  abutting  property,  each 
lot  being  assessed  in  addition  for  jsrivilege  of  connection.  In  this 
manner  the  city  is  reimbursed  for  its  outlay  on  mains."  Si^rinkling  is 
done  by  apjiropriation  from  the  general  tax  levy. 

Harrisburg,  Pa. — This  city,  in  the  public  improvements  which  it 
actually  constructs,  lays  the  cost  of  paving,  and  generally  of  grading, 
upon  abutting  lots  by  the  front  foot  rule.  For  water-works  construc- 
tion there  is  a  fixed  rate  placed  upon  abutting  real  estate,  amounting 
to  80  cents  per  foot  front  for  6-in.  j^ipe,  90  cents  for  8-in.,  and  SI  per 
foot  for  all  larger  sizes;  in  the  case  of  a  corner  lot,  one-third  is  taken 
off  the  charge  for  the  longer  side.  The  sewers  are  all  built  at  the  ex- 
pense of  the  property  benefited.  The  cost  of  laterals  and  a  portion  of 
the  cost  of  main  sewers  (as  much  as  a  lateral  would  cost)  is  charged  to 
abutting  property,  the  district  as  a  whole  taking  the  balance.  The 
renewal  of  any  kind  of  improvement  can  never  be  assessed  uiion  pri- 
vate property. 

Philadelphia,  Pa. — The  city  assesses  the  cost  of  original  leaving 
upon  abutting  property,  while  grading  is  a  city  expense.  Renewal  is 
also  a  general  charge.     For  the  construction  of  the  water- works  distrib- 
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uting  system  there  is  a  fixed  charge  of  $1  for  each  foot  fronting 
.  on  any  street  where  pipe  is  laid,  but  city  property  pays  no  j^art  of 
this  frontage  charge.  The  supi^ly  system  in  general  is  maintained  and 
extended  from  the  revenue  derived  from  water  rates,  the  charges  of 
which  may  be  judged  from  the  meter  price  of  30  cents  per  1  000  cu.  ft. 
For  the  sewers  there  is  a  fixed  charge  of  $1.50  per  front  foot  on  prop- 
erty abutting,  whatever  be  the  size  of  the  sewer,  any  additional  cost 
being  paid  by  the  city.  In  the  case  of  corner  lots  with  sewers  on  both 
fronts  there  is  made  a  deduction  of  one-third  of  the  longer  front,  such 
deduction  not  to  exceed  50  ft.  There  is,  besides,  a  special  charge  of  §5 
for  every  connection  with  the  sewer  in  addition  to  the  usual  i^ermit 
charge.  These  sewer  assessment  bills  are  assigned  to  the  contractor 
in  jDart  payment  for  the  w^ork,  giving  him  a  lien  on  the  property  and 
the  right  to  collect  in  the  name  of  the  city.  The  city  sprinkles  macad- 
amized streets  at  its  own  expense. 

Scranton,  Fa. — Abutting  property  is  charged  for  grading  by  the  foot 
front  rule,  "after  getting  a  release  from  each  and  every  property 
owner  relinquishing  all  claims  for  damages  in  consequence  of  grad- 
ing."  Paving  is  also  assessed  by  linear  frontage,  and  kept  in  repair 
for  five  years  by  the  contractor.  Kenewals  are  charged,  generally,  one- 
half  on  abutting  property  and  one-half  on  the  city.  The  water-works 
are  owned  by  private  corporations.  Lateral  sewers  are  usually  as- 
sessed on  adjoining  proj)erty  according  to  its  linear  frontage,  and  the 
main  sewers  upon  the  property  in  the  drainage  district,  by  a  specially 
appointed  board  of  viewers,  "according  to  benefits."  Street  sprink- 
ling is  secured  by  private  arrangement.  The  amoxmt  of  an  assessment 
against  private  property  is  not  limited  to  a  percentage  of  its  tax 
valuation. 

Wilmington,  Del.  — In  this  city  all  street  improvements  are  paid  for 
by  the  city.  The  water-works  are  owned  by  the  city,  and  are  now  a 
source  of  revenue.  Apparently  the  only  charge  to  the  public  is  from 
the  water  rents,  the  rates  of  which  may  be  inferred  from  the  meter 
charge  of  75  cents  i?er  1  000  cu.  ft. ,  with  reductions  for  large  quanti- 
ties. Adjoining  projjerty  is  assessed  for  the  sewer  system  at  the  rate 
of  50  cents  per  front  foot  and  1  cent  per  square  foot  of  area  for  a  dis- 
tance not  exceeding  150  ft.  back  from  the  building  line.  This  charge 
is  supposed  to  represent  three -fifths  the  total  cost  of  the  sewers,  the 
remainder  being  a  city  expense. 
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Baltimore,  Mil. — The  cost  of  grading  and  paving  is  placed  upon  abut- 
ting property  in  jiroportion  to  frontage.  The  city  escapes  the  expense 
of  repairs  to  pavements  for  two  years  by  contracting  with  the  persons 
laying  the  pavement  to  keep  it  in  repair  for  that  length  of  time. 
Tliere  are  no  assessments  made  for  water-works  construction  and  ex- 
tension. Although  the  city  charter  permits  it  to  assess  the  cost  of 
sewer  construction  upon  property  benefited  by  the  area  rule,  yet  for 
the  past  five  or  six  years  this  has  been  paid  for  entirely  by  the  city. 
Sprinkling  is  by  private  arrangement. 

Washington,  D.  C. — This  city  pays  for  all  street  improvements  out  of 
the  general  fund.  Concerning  the  water-works,  the  large  supply  mains 
are  constructed  from  the  general  fund,  but  for  the  distributing  system, 
there  is  an  assessment  upon  all  abutting  lots  or  land  of  ^1.25  per  linear 
front  foot;  corner  lots  do  not  pay  on  their  longer  front  unless  it  exceeds 
100  ft.  The  cost  of  the  main  sewers  is  also  defrayed  from  the  general 
fund;  for  the  branch  or  lateral  sewers  built,  one-half  the  cost  is  paid 
by  abutting  property  according  to  its  linear  frontage,  and  one-half 
from  the  general  fund.  The  cost  of  sidewalks  and  curbing  follows  the 
rule  last  given,  which  is  rare  for  these  improvements.  Street  sprink- 
ling  is  charged  to  the  general  fund. 

Richmond,  Va. — Here  all  street  improvements  are  made  at  the  general 
expense.  There  is  no  private  charge  for  the  water- works  system  (which 
is  owned  by  the  city)  except  the  usual  requirement  that  connection  be 
made  at  the  property  owner's  expense.  Of  course,  the  universal  water 
rent  charge  is  placed  upon  all  consumers.  The  entire  sewer  system 
was  built  by  the  city,  for  which  property  is  assessed  "  annually  at  the 
rate  of  10  cents  per  front  foot  of  property,  or  a  commutation  tax  of 
§1.50  per  front  foot."  As  usual,  the  cost  of  house  connections  is  borne 
bv  those  making  them.  Sprinkling  is  done  by  private  arrangement. 
An  unusual  undertaking  is  the  owning  and  operation  of  the  gas  works 
by  the  city,  furnishing  consumers  with  gas  at  the  rate  of  §1  per  1  CCO 
cu.  ft. 

Charleston,  S.  C. — All  public  improvements  here  are  at  the  expense 
of  the  city.     The  water-works  are  owned  by  a  private  company. 

Atlanta,  Ga. — In  this  city  the  grading  is  a  city  expense,  but  all 
other  street  improvement  is  effected  by  placing  two-thirds  the  cost  on 
abutting  property  in  proportion  to  its  frontage,  and  the  remaining  one- 
third  upon  the  city.     The  entii-e  water-works  system  is  constructed 
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without  special  assessments.  Main  sewers  were  built  by  the  city,  but 
for  branches  and  laterals  there  is  a  uniform  charge  of  90  cents  per 
lineal  foot  front  on  abutting  lots  of  lands,  except  where  a  corner  lot 
has  already  been  assessed  for  one  front,  in  which  case  75  ft.  of  the 
second  front  is  exempted.  Street  sprinkling  is  done  by  private 
arrangement. 

Augusta,  Ga. — Here  the  only  assessments  charged  ujson  jjroperty 
are  for  pavements  and  sewers,  for  both  of  which  proj^erty  fronting 
upon  the  improvement  pays  half  the  cost,  distributed  in  j^roportion  to 
its  linear  frontage. 

Jacksonville,  Fla. — This  city  pays  one-third  the  cost  of  all  street  im- 
provements, the  abutting  pro^^erty  paying  the  remaining  two-thirds  in 
proijortion  to  linear  frontage.  The  water-works  and  sewer  systems 
are  i^aid  for  by  the  city.  An  assessment  is  not  limited  to  a  percentage 
of  the  tax  valuation  of  the  property. 

Montgomery,  Ala. — One-half  the  cost  of  all  street  work  is  charged 
against  abutting  property  owners,  and  one-half  is  paid  by  the  city. 
The  Avater  works  are  not  owned  by  the  city.  The  sewer  system  is  en- 
tirely a  city  expense.  Street  sprinkling  is  also  a  public  charge.  The 
city  charter  fixes  the  maximum  limit  of  an  assessment  at  !^10  per  front 
foot. 

Nashville,  Tenn. — Here  all  the  usual  public  improvements  are  con- 
structed and  extended  at  the  expense  of  the  city.  No  sj^ecial  assess- 
ments are  levied.* 

Louisville,  Ky. — The  city  lays  the  total  cost  of  grading  and  leaving 
upon  the  area  contiguous,  usually  extending  for  one-half  block  on  each 
side  of  the  street  improved,  with  corner  lots  paying  25^^  more  than 
inside  lots.  All  renewal  of  pavements  is  made  by  general  tax  levied  for 
the  reconstruction  of  streets.  For  the  construction  of  the  city's  water- 
works there  has  been  no  assessment,  the  only  jjrivate  charge  being  the 
water  rates.  The  sewer  system  has  also  been  constructed  by  the  city. 
Street  si^rinkling  is  by  private  arrangement.  There  is  no  limit  to 
the  amount  of  assessment  fixed  at  a  certain  percentage  of  the  tax 
valuation. 

Cincinnati,  0. — 'Xhm  city  pays  2%'  of  original  street  improvements, 
and  assesses  the  remainder  upon  abutting  property  according  to  the 
frontage  rule,  but  in  so  apportioning  the  assessment  the  city  pro  rates 
*  Compare  with  paragraph  on  Tennessee,  p.  342. 
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as  abutting  property  for  tlie  intersections  or  junctions  of  lateral 
streets,  as  well  as  for  any  abutting  lots  it  owns.  In  repaying,  such 
work  as  lias  been  done  under  special  acts  of  the  general  assembly 
(aggregating  in  value  $8  000  000)  has  been  borne,  half  by  the  city  and 
half  by  abutting  pro^jerty ;  otherwise  renewal  has  been  paid  for  as  has 
the  original  work.  The  water-works  are  a  public  charge.  Sewers  are 
made  a  charge  upon  adjoining  property  to  the  extent  of  '!^2  per  front 
foot,  the  balance  being  paid  by  the  city.  No  assessments  are  made  for 
street  sprinkling.  Property  petitioning  for  an  improvement  may  be 
assessed  its  full  value;  but  when  not  petitioning  it  can  be  assessed 
only  to  the  limit  of  25%  of  its  value. 

Dayton,  0. — Here  the  cost  of  all  sti'eet  improvements  is  assessed 
upon  abutting  property  by  linear  frontage,  except  that  the  city  pays  for 
street  and  alley  intersections.  The  contractor  maintains  the  pave- 
ment laid  by  him  for  five  years  after  its  construction,  after  which  it  is 
rejjaired  at  the  expense  of  the  city  as  is  the  usual  rule.  The  water- 
works system  is  a  general  charge;  except  that,  of  course,  property  has 
to  pay  for  the  house  connections.  The  storm-water  sewers  are  built  by 
the  city,  but  the  cost  of  sanitary  sewers  is  assessed  upon  the  property 
benefited,  usually  by  the  abutting  foot.  Street  sprinkling  is  assessed 
upon  abutting  property  in  proportion  to  its  frontage.  The  limit  of 
assessment  for  sewers  is  $2  per  foot;  on  other  imijrovements,  25%  of 
the  tax  valuation. 

Indianapolis,  Ind. — In  this  city  all  street  improvements  are  assessed 
upon  lots  or  lands  abutting  on  the  street,  in  proportion  to  linear 
frontage;  except  that  one-half  the  cost  of  street  and  alley  intersections 
in  any  case  is  assessed  upon  j^roperty  fronting  on  the  intersecting 
street  or  alley  for  a  distance  up  to  the  next  street  encountered;  for 
city  lots  the  municiijality  is  liable  as  other  property  holders  are.  The 
city  contracts  with  the  Indianapolis  Water- Works  Company  for  its 
water.  The  cost  of  local  sewers  is  assessed  upou  abutting  projjerty  in 
proportion  to  area,  unplatted  land  being  considered  to  have  a  dejjth 
not  less  than  that  of  adjoining  lots  nor  greater  than  200  ft. ;  the  city's 
lots  bear  their  due  proportion.  For  main  sewers,  such  part  of  their  cost 
as  would  construct  a  local  sewer  in  the  same  place  is  apportioned 
upon  abutting  property  by  the  method  given  for  local  sewers.  The  bal- 
ance is  distributed  over  all  the  lands  included  in  the  district  drained 
"  in  the  jiroportion  its  area  bears  to  the  total  area  of  the  district,  in- 
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eluding  abutting  property  holders,  as  well  as  tlie  holders  not  situated 
on  the  line  of  such  drain  or  sewer."  The  city  pays  no  part  of  the  ex- 
pense, except  as  an  owner  of  property.  The  cost  of  street  sprinkling 
is  charged  to  abutting  property  by  linear  ratio. 

PeoHa,  m. — Here  the  contiguous  property  is  charged  with  the  total 
expense  of  all  street  imijrovements,  basing  the  rate  on  linear  frontage. 
Asphalt  pavements  are  guaranteed  by  the  contractor  for  a  jDeriod  of  five 
years.  The  water-works  are  owned  by  a  j)rivate  company.  The  cost  of 
the  sewer  mains  and  laterals,  in  any  district,  is  considered  jointly,  and 
the  entire  amount  is  assessed  ujaon  the  proi>erty  benefited  according 
to  the  area  rule.  While  the  city  is  not  required  to  pay  any  jsortion, 
it  has  been  its  general  custom  to  pay  a  certain  percentage  of  the  cost 
where  large  mains  are  constructed,  so  as  to  relieve  the  lots  and  lands 
from  burdensome  assessments.  The  sprinkling  is  done  by  private 
arrangement. 

Detroit,  Mich. — This  city  pays  the  cost  of  grading  and  paving  the 
street  and  alley  intersections,  but  all  the  balance  is  assessed  upon  abut- 
ting property  by  the  linear  method.  The  exjjense  of  repaving  is  car- 
ried by  the  city.  The  outlay  for  the  water-works  is  borne  wholly  by 
the  water  rates  charged  against  consumers.  In  the  sewer  system  the 
mains  are  constructed  by  the  city,  and  the  cost  of  the  laterals  is  assessed 
upon  adjoining  proj^erty  in  proportion  to  frontage.  Street  sprinkling 
is  controlled  by  private  contract. 

Milwaukee,  Wis. — Here  adjoining  proj^erty  is  charged  with  the  ex- 
pense of  grading  and  paving,  except  the  cost  of  street  and  alley  inter- 
sections, which  falls  to  the  city.  Eeijaving  is  done  at  the  exjjense  of  the 
ward  unless  the  renewal  involves  a  pavement  with  a  concrete  founda- 
tion, in  which  case  the  expense  is  borne  as  in  the  case  of  an  original  woi'k; 
however,  under  such  circumstances,  the  property  affected  is  credited 
with  the  cost  of  the  original  pavement.  In  the  water-woi'ks  system 
half  the  cost  of  laying  a  G-in.  main  is  charged  against  the  property  on 
each  side  of  the  street,  corner  lots  receiving  a  deduction  of  one-third 
their  lateral  frontage.  The  balance  is  paid  from  the  water  fund,  which 
is  created  by  the  revenue  of  the  water  department,  excluding  the  sup- 
ply system  for  the  construction  of  which  city  bonds  have  been  issued. 
For  the  sewer  system  the  property  on  each  side  pays  one-half  the  cost, 
providing  this  does  not  exceed  80  cents  per  foot.  Corner  lots  are  al- 
lowed a  deduction  of  one-third  their  total  frontage.      The  sewerage 
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district  pays  the  balance.  Street  sprinkling  in  central  wards  is  paid 
for  by  the  ward  fund  (raised  by  general  taxation  on  all  property  in  the 
ward).  In  outlying  wards  this  expense  is  assessed  upon  abutting  prop- 
erty by  the  frontage  rule,  the  ward  fund,  however,  being  drawn  upon 
for  the  portion  chargeable  to  the  street  and  alley  intersections.  In 
this  city  the  assessments  cannot  exceed  the  tax  valuation  of  the  prop- 
erty, which  is  two-thirds  its  actual  value. 

Miyineapolis,  Minn. — In  this  place  grading  is  done  at  the  expense  of 
the  ward.  The  city  pays  for  paving  and  rej^aving  street  intersections, 
and  the  remainder  is  assessed  upon  abutting  projjerty  by  linear  front- 
age. The  contractor  for  an  asphalt  pavement  agrees  to  keep  it  in  rejsair 
for  ten  years  after  the  date  of  the  acceptance  of  the  work  by  the  city. 
For  water  mains  abutting  property  is  assessed  a  fixed  amount  of  65 
cents  per  foot  front,  this  being  considered  the  cost  of  a  6-in.  main.  All 
other  expense  for  the  water-works  system  falls  directly  upon  the  city. 
For  the  sewer  system  there  is  a  similar  fixed  charge  upon  abutting 
property,  amounting  to  ^1  50  per  front  foot,  the  estimated  cost  of 
a  15-in.  sewer,  all  additional  expense  being  borne  by  the  city.  The 
street  sprinkling  is  done  under  the  direction  of  ward  officers  and  its 
cost  assessed  upon  adjoining  property  in  i3roportion  to  frontage. 

St.  Paul,  Minn. — The  total  cost  of  all  street  improvements  in  this 
city  is  assessed  ujion  abutting  property,  usually  by  the  front  foot. 
The  water-works  supply  system  is  paid  for  by  the  city.  For  all  pipes  of 
the  distributing  system  there  is  a  frontage  charge  wgon  abutting  prop- 
erty of  10  cents  per  lineal  foot  for  a  j^eriod  of  ten  years,  regardless  of 
the  size  of  the  pij^e;  the  balance  is  met  by  the  city.  The  Board  of 
"Water  Commissioners  is  required  to  fix  the  water  rates  so  as  to  pay  for 
all  running  expenses  and  minor  extensions,  and  to  provide  for  a  sinking 
fund.  The  cost  of  the  sewers  is  assessed  upon  adjoining  property  to  a 
maximum  limit  of  $1.75  per  front  foot,  although  the  law  permits  larger 
assessments;  all  excess  is  paid  by  the  city.  The  cost  of  street  sprink- 
ling is  borne  by  the  property  in  proportion  to  its  linear  frontage. 
There  is  no  limit  to  the  amount  that  may  be  assessed,  fix:ed  by  a  certain 
percentage  of  the  property's  tax  valuation. 

Burlington,  la, — Grading  is  charged  to  the  city.  Brick  pavements 
are  paid  for  by  assessment  upon  abutting  lots,  except  the  cost  for 
street  intersections,  which  the  city  pays.  The  paving  of  alleys  is  borne 
by  contiguous  lands  according  to  area.     Kepaving  is  a  charge  upon 
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the  city.  The  water-works  system  is  owned  by  a  private  company. 
As  part  payment  for  the  cost  of  the  sewers  there  is  a  charge  upon  land 
not  to  exceed  1  cent  per  square  foot  for  a  distance  not  greater  than 
200  ft.  from  a  sewer.     Sprinkling  is  a  city  expense. 

Kansas  City,  Mo. — The  cost  of  all  street  improvements  is  assessed 
against  the  adjoining  lots  and  lands.  On  those  designated  as  business 
streets  the  property  owners  may  choose  between  two  or  more  kinds  of 
pavement  selected  by  the  Board  of  Public  Works,  and  on  residence 
streets  a  majority  remonstrance  prevents  the  work.  The  maintenance 
of  leaving  is  guaranteed  by  the  contractor  for  five  years,  without  addi- 
tional 25ayment  to  him.  The  water-works  system  is  owned  by  the  city 
and  is  self  sustaining;  no  assessments  are  levied.  Sewers  in  general 
have  their  cost  charged  upon  the  lands  included  in  the  district,  in  pro- 
portion to  the  area,  exclusive  of  streets  and  alleys.  Public  sewers  are 
built  at  the  expense  of  the  city.  Street  sprinkling  is  effected  by  private 
arrangement.  There  is  no  specified  limit  to  the  amount  that  may  be 
assessed  against  property,  depending  upon  its  tax  valuation. 

St.  Louis,  Mo. — This  city  bears  the  expense  of  grading.  All  other 
street  improvements  are  made  at  the  cost  of  adjoining  property,  accord- 
ing to  its  linear  frontage.  City  lots  bear  their  proportional  part.  The 
contractors  are  given  the  special  tax  bills  in  payment  for  their  work. 
Repairs  to  paving  which  become  necessary  within  five  years  of  its 
construction  are  made  by  the  contractor.  The  water  works  system  is 
paid  for,  both  in  maintenance  and  extension,  entirely  from  the  rates 
collected  from  consumers;  consequently  it  is  no  expense  to  the  city 
nor  to  projierty  as  such.  Money  which  had  formerly  been  assessed 
against  projjerty  for  construction  and  extension  has  been  refunded.  The 
range  of  water  rates  may  be  judged  from  the  charge  of  $1  per  room  per 
year  for  hotels,  boarding-houses  and  tenements;  ^9  for  a  twelve-room 
residence,  and  meter  rates  of  30  cents  per  1  000  galls.,  with  reductions 
for  large  quantities.  Of  the  sewer  system,  the  public  sewers,  or  those 
having  no  immediate  relation  to  property,  as  the  intercepting  and 
trunk  sewers,  are  jiaid  for  entirely  by  the  city.  The  district  sewers, 
comprising  the  lateral  sewers  with  their  branches,  and  emptying  into 
the  public  sewers,  are  paid  for  entirely  by  private  property.  For 
these  the  amount  due  is  that  portion  of  the  entire  cost  (in  any  dis- 
trict) of  the  distxict  sewers  which  the  area  of  the  lot  or  land  in  ques- 
tion bears  to  the  total  area  of  the  district,  excluding  streets.     There 
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we  also  private  sewers,  which  are  constructed  entirely  under  private 
agreement,  plans,  sujjervision  and  cost,  and  flow  by  permission  into 
the  city  sewers.  Occasionally,  where  the  system  is  adequate,  such 
sewers  are  adopted  by  the  city,  in  which  case  the  parties  who  con- 
structed them  are  reimbursed  by  the  city.  Street  sprinkling  is  made 
a  charge  upon  property  by  linear  frontage,  the  city  paying  the  con- 
tractors in  each  of  the  fifty-four  districts  and  collecting  the  tax  bills 
itself,  usually  with  the  general  tax.  The  cost  varies  from  2^  to  3  cents 
per  front  foot.  The  amount  assessed  against  ^jrojierty  for  any  one  im- 
provement under  a  single  ordinance  cannot  exceed  25%  of  its  tax 
valuation;  the  city  bears  all  excess. 

Little  Rock,  Ark. — At  this  place  all  iJiiblic  imi^rovements  constructed 
in  the  city  are  i^aid  for  by  assessment  upon  all  taxable  property  within 
the  "improvement  district,"  in  each  case  established,  in  proportion  to 
the  value  of  the  property.*  The  water- works  system  is  owned  by  a 
private  company.  Statute  provides  that  an  assessment  cannot  exceed 
20%  of  the  tax  valuation  of  the  property  affected. 

New  Orleans,  La. — This  city  assesses  upon  abutting  property,  by  the 
frontage  rule,  three-fourths  the  cost  of  all  street  improvements  and 
bears  the  remaining  portion  itself.  For  avenues  having  neutral  ground 
the  proportion  is  changed  to  two-thirds  upon  the  property  and  one-third 
upon  the  city.  The  contractors  are  to  keep  the  pavements  in  repair  for 
a  specified  time,  varying  from  one  to  twenty  years.  The  water-works 
are  owned  by  a  j^rivate  company.  There  is  no  sewer  system  for  the 
city.  Street  sijrinkling  is  done  by  those  contracting  for  maintenance 
of  i>avements,  and  by  the  city  after  the  expiration  of  such  contracts. 
The  ajnount  of  an  assessment  is  not  limited  to  a  percentage  of  the  tax 
valuation. 

Sioux  Falls,  S.  Dak. — Here  the  cost  of  all  street  improvements  is 
assessed  upon  abutting  property,  except  that  of  street  intersections, 
which  the  city  pays.  The  water-works  are  owned  and  operated  by  a 
private  corporation.  For  all  sewer  construction  there  is  a  fixed  charge 
of  ^2.30  ijer  front  foot  upon  business  property,  and  half  this  amount 
upan  residence  property.     The  city  pays  for  sprinkling  the  streets. 

Omaha,  Neh.—The  city  pays  half  the  expense  of  grading.  The  re- 
mainder is  assessed  upon  property  by  linear  frontage.  If  three-fifths 
of  the  property  holders  petition  for  the  grading,  all  the  expense  is 
charged  upon  them.  Subsequent  street  improvements  are  all  assessed 
*  Compare  with  paragraph  on  Arkansas,  p.  342. 
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tijion  abutting  property  in  proportion  to  extent  of  frontage;  tlie  city, 
however,  pays  for  intersections.  The  water-works  system  is  under 
private  ownership.  Main  sewers  are  built  by  the  city.  The  cost  of 
the  laterals  is  assessed  upon  adjoining  property  by  linear  frontage. 
Street  sprinkling  is  a  jirivate  expense.  Tax  valuation  does  not  form  a 
basis  for  fixing  a  limit  to  the  amount  of  an  assessment. 

Topeka,  Kan. — The  city  is  charged  with  the  exj^ense  of  grading.  The 
cost  of  paving  is  assessed,  by  a  very  elastic  system,  upon  property 
benefited  in  proportions  determined  by  appraisers  appointed  espe- 
cially for  the  purpose.  A  water-works  company  holds  a  franchise 
until  1901.  All  sewers  are  also  constructed  at  the  expense  of  property; 
the  cost  being  apportioned  as  before  given  for  iiavements.  Street 
sprinkling  is  by  i^rivate  arrangement.  Assessments  are  not  limited  in 
amount  to  a  percentage  of  the  tax  valuation. 

Salt  Lake  City,  Utah.  — The  city  pays  half  the  cost  of  grading  the  abut- 
ters' portion  of  the  streets,  and  all  the  cost  of  intersections;  the  remain- 
der is  included  in  the  jDaving  assessments.  Subsequent  street  imi^rove- 
nients  are  assessed  upon  abutting  property,  according  to  its  extent  of 
frontage,  comer  lots  receiving  no  deduction.  Before  distributing  this 
assessment,  the  cost  of  intersections  (which  is  paid  by  the  city)  is  de- 
ducted, as  is  also  (as  usual)  the  cost  of  paving  between  and  2  ft.  out- 
side of  the  rails  of  street  railways,  which  is  a  charge  upon  the  street 
railway  company.  The  jDavements  constructed  are  guaranteed  by  the 
contractor  for  five  years,  after  which  the  contract  gives  the  city  the 
right  to  require  the  contractor  to  keej)  the  same  work  in  repaii-  for  an 
additional  term  of  ten  years  at  the  rate  of  8  cents  per  square  yard  per 
year.  This  amount  is  jjaid  from  the  general  fund  of  the  city.  The 
water-works  supply  system  is  paid  for  out  of  the  general  fund  of  the 
city,  and  the  distributing  system  by  assessment  per  front  foot  of  abut-- 
ting  property,  with  no  deduction  for  corner  lots.  Sewer  mains  are 
built  at  the  city's  expense;  laterals  are  made  a  charge  per  front  foot 
of  abutting  property,  with  corner  lots  given  a  deduction  of  25  ft. 
Written  objection  to  a  proposed  public  improvement  by  the  owners  of 
half  the  property  frontage  will  defeat  its  prosecution  if  filed  within 
twenty  days  of  the  first  publication  of  the  notice  that  such  improve- 
ment is  intended.  Street  sprinkling  is  at  the  city's  expense.  There 
is  no  limit  to  the  amount  of  an  assessment,  except,  of  course,  the  cost 
of  the  work. 
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Seattle,  Wash. — In  this  city  all  the  land,  including  street  areas,  situ- 
ated between  the  termini  of  the  improvement  and  within  120  ft.  of  the 
street-line  on  each  side  of  the  street  improved  constitutes  a  local  im- 
provement district,  except  that  when  a  cross  street  has  already  been 
improved,  its  area  is  excluded.  The  total  cost  of  any  street  improve- 
ment under  consideration  is  then  divided  by  the  total  frontage  (includ- 
ing that  of  unimproved  cross  streets)  on  the  improvement,  and  of  the 
rate  so  determined  ^Q%  is  assessed  upon  property  within  30  ft.  of  the 
street  lines,  25°^  upon  property  lying  between  lines  vmiformly  30  and 
60  feet  distant  from  the  street,  20^  upon  all  property  between  60  and 
90  ft.  from  the  margin  of  the  street,  and  15^  upon  the  remaining  zone 
extending  from  90  to  120  ft.  in  distance.  "In  this  way  it  makes  no 
difi'erence  whether  a  street  is  straight  or  curved  or  whether  we  turn  a 
right-angle  corner,  the  area  included  between  such  lines  constituting 
the  assessment  ai'ea,"  and  the  zones  indicating  a  varying  percentage 
of  charge,  being  always  bounded  by  lines  at  the  specified  distance  from 
the  margin  of  the  street.  The  city  pays  the  assessment  charged  to 
street  areas  from  the  general  road  fund.  The  water-works  system  is  a 
general  expense  upon  the  city.  Branch  sewers  are  constructed  by  as- 
sessments levied  in  the  manner  provided  for  street  improvements; 
mains  and  interceiDting  sewers  are  constructed  mainly  at  the  expense 
of  the  city,  the  adjoining  jjroperty  paying  for  only  what  would  have 
been  the  expense  of  a  sewer  suited  to  its  needs.  The  total  assess- 
ment levied,  in  any  case,  cannot  exceed  25%  of  the  tax  valuation  of 
the  property  constituting  the  assessment  district. 

Portland,  Ore. — Here  the  cost  of  all  street  improvements  is  assessed 
upon  abutting  property  in  projjortion  to  its  frontage,  except  that  the 
cost  of  intersections  is  a  special  charge  upon  the  two  lots  nearest  the 
corner,  the  corner  lot  being  assessed  for  five-ninths  and  the  one  adjoining 
four-ninths.  The  contractor  keeps  the  pavement  in  repair  a  stated  num- 
ber of  years;  afterwards  this  falls  on  the  city,  as  iisual.  The  water- 
works system  was  built  at  the  expense  of  the  city.  In  the  sewer  system, 
the  cost  of  the  laterals  is  assessed  upon  property  fronting  on  the 
sewer,  and  the  cost  of  trunk  sewers  is  distributed  over  the  districts 
drained  by  them  in  projiortion  to  the  contiguity  of  the  property. 
The  city  pays  for  street  sijrinkling.  There  is  no  limit  to  the  amount 
that  may  be  assessed  as  fixed  by  a  certain  jaercentage  of  its  tax  valu- 
ation. 
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Scot  Francisco,  Col. — Here  tlie  cost  of  grading  and  leaving  is  made  an 
assessment  upon  abutting  jjroperty  by  the  frontage  rule.  Repaying  is 
paid  for  by  the  city.  The  water-works  system  is  private  property.  The 
water  rates  are  fixed  by  the  Board  of  Suj^ervisors.  Main  sewers  are 
built  at  the  expense  of  the  district,  and  the  cost  of  laterals  is  assessed 
upon  property  in  proportion  to  its  linear  frontage.  A  local  assess- 
ment for  a  public  improvement  cannot  exceed  one-half  the  tax  valua- 
tion of  the  i^roperty. 

CONSLDERATION   OF   METHODS   AND   PRINCIPLES. 

As  discussed  more  at  length  in  the  first  part  of  this  paper,  special 
assessments  do  not  properly-  extend  to  the  so-called  assessment  of 
benefits  and  damages  as  employed  in  the  condemnation  of  real  estate 
for  public  purposes;  consequently,  this  consideration  covers  only  their 
exact  field  of  application,  that  is,  the  assessment  of  the  cost  of  muni- 
cipal improvements  upon  property  in  proportion  to  the  benefits  re- 
ceived by  it.  The  consideration  of  the  levy  and  collection  of  the 
assessment  is  but  indirectly  important  to  the  engineer,  and  is  believed 
to  be  adequately  treated  in  the  first  part  of  the  Appendix  and  suffi- 
ciently illustrated  by  the  Exhibit.  The  real  discussion,  then,  concerns 
more  particularly  the  standard  methods  of  distribiiting  the  assess- 
ment. This  question  can  be  best  judged  by  the  principles  established 
by  the  courts  (given  under  the  title  "  Interjiretation  and  Judicial 
Decisions,"  in  the  Appendix)  and  by  considering  the  actual  prac- 
tice of  the  fifty  cities  just  given.  Of  course  it  cannot  be  expected 
that  these  fifty  cities  will  illustrate  all  the  salient  facts  and  interesting 
details  of  methods  in  vogue,  but  it  is  thought  that  they  furnish  a 
sufficient  basis  for  a  broad  interpretation  of  the  principles  involved 
when  considered  in  connection  with  the  judicial  decisions  mentioned, 
besides  exhibiting  many  characteristic  customs  and  peculiarities  that 
have  an  individual  interest. 

Considered  geographically,  the  eastern  cities,  as  a  rule,  have  been 
inclined  to  meet  a  considerable  portion  of  the  cost  of  their  public  im- 
provements by  general  taxation.  This  fact  is  evidenced  by  a  fre- 
quently occurring  provision  that  the  assessing  board  shall  determine 
in  each  case  the  method  to  be  followed  in  distributing  the  assessment 
upon  private  property;  by  the  refusal  of  one  state,  Pennsylvania,  to 
permit  any  assessment  for  the  renewal  of  local  improvements;  by  the 
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payment  from  the  general  fund  of  the  larger  portions  of  the  cost,  and 
frequently  of  the  total  exjjeuse  of  certain  public  works;  and,  in  some 
cases,  by  the  jjractically  complete  abeyance  of  assessment  upon  pri- 
vate proi^erty.  This  larger  share  of  the  general  public  in  bearing  such 
exjjenses  seems  to  be  deeply  ingrained  in  the  policies  of  many  eastern 
cities,  a  recent  indication  of  which  is  furnished  by  the  fact  that  the 
proposed  charter  for  Greater  Kew  York  practically  adopts  the  methods 
previously  in  vogue.  Neither  have  the  southern  cities  made  use  of 
the  system  very  fully.  There  are  notable  exceptions  to  this  general 
statement;  biit  probably  the  past  adverse  economic  conditions,  inter- 
fering to  an  extent  unknown  elsewhere,  have  thus  far  prevented  its 
general  application. 

The  i^rinciple  of  special  assessments  has  had  its  greatest  develop- 
ment in  the  cities  of  the  Northwest.  This  is  but  natural,  as  they  have 
had  the  advantage  of  the  earlier  experiences  of  the  older  cities,  and 
were  thus  enabled  to  profit  by  them.  Siich  cities,  too,  have  more 
frequently  confronting  them  the  problem  of  providing  jjublic  build- 
ings and ,  general  betterments,  and  of  meeting  the  expense  of  the 
numerous  necessities  and  varied  functions  of  a  rapidly  growing 
municipality,  besides  constructing  the  usual  assessable  improvements, 
all  in  a  short  space  of  time;  and  it  is  to  be  expected  that  there  should 
be  an  endeavor  to  keep  the  tax  rate  as  low  as  circumstances  would 
permit  by  making  a  full  use  of  the  principle  of  assessments  for  local 
improvements.  New  cities  can  also  formulate  a  general  plan  of 
special  assessments  which  will  apply  with  gi-eat  fairness  and  justice 
to  all  such  improvements  of  the  future,  when  an  older  city  that  has 
constructed  considerable  portions  of  its  public  works  under  inhar- 
monious methods  of  accej^ted  custom  is  handicapped  in  an  attemjjt  to 
secure  the  most  just  accord. 

It  is  a  quite  common  i^ractice  for  cities  to  pay  for  the  grading  of 
streets,  but  it  is  more  customary  to  assess  the  cost  upon  private  prop- 
erty. By  far  the  greater  proportion  of  the  latter  class  charge  the  total 
expense  in  proportion  to  linear  frontage.  Some  assess  a  certain  per- 
centage, usually  from  one-half  to  three-fourths  of  the  total,  but  some- 
times all  except  the  cost  of  street  and  alley  intersections.  Occasionally 
the  assessment  is  levied  partly  by  frontage  and  partly  by  area,  and 
rarely  it  is  charged  entirely  by  the  area  rule.  Some  cities  accept 
streets  only  after  they  have  been    satisfactorily  graded,   and  other 


VAN  ORNUM    ON    SPECIAL   ASSESSMENTS,  361 

requirements  are  employed  by  different  cities  to  prevent  the  complica- 
tions and  snits  for  damages  that  seem  inclined  to  swarm  about  imijrove- 
ments  of  this  character. 

In  the  subject  of  jjavements  there  is  a  great  diversity  in  methods  of 
ajiportioning  the  cost.  Of  the  various  cities  given,  about  'S0%  assess 
all  the  ex^iense  of  paving  on  abutting  property  according  to  its  linear 
frontage,  nearly  as  many  make  it  a  charge  upon  the  city  alone,  and 
the  remainder  divide  it  between  the  two  in  varying  proportions.  Of 
the  latter  class  the  favorite  method  seems  to  be  to  assess,  by  linear 
frontage,  the  total  cost  of  the  work,  except  the  paving  of  street  and 
alley  intersections.  Others  except  both  intersections  and  the  proj^or- 
tional  charge  upon  city  property  fronting  on  the  improvement;  and  in 
some,  only  the  assessment  ujjon  city  lots  and  lands  is  a  public  expense. 
Others  divide  the  whole  cost  between  the  city  and  abutting  property 
directly  by  ratio,  which  charges  the  property  with  a  jjercentage  vary- 
ing from  one-half  to  three-fourths  of  the  total,  the  city  paying  the 
balance.  A  few  cities  incline  toward  the  distribution  of  the  assess- 
ment by  the  area  rule  upon  lots  and  lands  within  a  certain  distance  of 
the  improvement,  either  in  its  entirety  or  in  combination  with  the 
frontage  method. 

It  is  quite  customary  for  cities  to  provide,  by  general  law  or  in  con- 
tracts with  the  street  railway  companies,  that  the  latter  shall  bear  the 
expense  of  paving  their  tracks  and  for  a  specified  width  outside.  In 
such  a  case  the  jjortion  borne  by  the  street  railway  is  usually 
deducted  from  the  total  cost  and  the  remainder  distributed  between 
the  city  and  private  property  in  the  prescribed  way;  but  in  Brooklyn, 
the  street  railway's  jiortion  is  deducted  from  that  part  which  would 
be  assessed  upon  the  i)roperty,  the  city  still  paying  its  specified 
percentage  of  the  total,  and  so  having  no  share  in  the  consequent 
reduction  in  cost. 

Where  the  city  does  not  pay  for  the  paving  of  street  intersections, 
this  expense  is  frequently  included  in  the  total  and  distributed  pro 
rata  in  the  general  frontage.  Occasionally  it  is  made  an  additional 
charge  u^jon  lots  near  the  corner,  and  in  some  cases  it  is  assessed  upon 
the  frontage  of  the  cross  street  for  a  portion  of,  or  for  the  total  dis- 
tance to,  the  next  street  parallel  to  the  improved  one.  These  last 
methods  are  open  to  the  objection  that  they  would  be  likely  to  dis- 
courage the  subsequent  leaving  of  the  cross  street  when  it  is  not  in  the 
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natural  line  of  travel,  a  difficulty  that  confronts  some  of  our  cities, 
even  if  tliis  additional  burden  is  not  imposed.     Corner  lots,  as  such, 
are  vai-iouslj  treated.     In  some  cases  each  margin  is  considered  a  front 
on  its  proper  street,  without  a  modification  in  the  rate  of  assessment; 
in  others,  the  corner  has  imposed  upon  it  an  additional  percentage, 
but  more  frequently  a  certain  portion  of  the  charge  upon  it  is  abated.* 
While  the  methods  given  for  levying  special  assessments  generally 
appear  to  be  by  some  fixed  and  definite  rule,  it  must  be  remembered 
that  this  is  by  no  means  usually  so  fixed  by  statute,  but  rather  it  is 
frequently  a  crystallization  of  custom,  employed  successively  in  recur- 
ring cases,  under  which  improvements  are  made,  and  so  formulated 
for  each  work  under  the  more  elastic  charter  provisions.     Where  this 
elasticity  in  the  method  is  permitted,  it   generally  follows  the  estab- 
lished custom  and  allows  of  modifications  where  necessary ;  but  in 
some  cases  it  is  carried  to  an  extreme  which  may  give  color  to  the 
charge  that  iDolitical  influence  has  attemjjted  a  mitigation  of  the  levy, 
and  at  least  it  prevents  a  general  method  of  practice  being  given  for 
the  city  in  question.     This  extreme  is  as  serious  as  the  other  which 
might  follow  from  a  rigid  requirement,  though  fair  and  equal  in  gen- 
eral, resulting  sometimes  in  cases  of  hardship  and  perhaps  injustice 
to  an  extent  that  would  not  be  permitted  by  the  courts.  On  the  one  hand 
it  is  best  that  methods  should  be  reasonably  consistent  and  constant 
that  projierty  owners  may  know  about  what  to  expect,  and  the  injustice 
of  arbitrary  irregularity  be  avoided;  on  the  other  hand  there  ought  to 
occur  an  oj^portunity  to  vary  the  mode  in  cases  where  good  reason 
exists,  for  the  jjurpose  of  making  the  charge  correspond  to  the  bene- 
fits received.     Concerning  the  question  of  the  ratio  of  the  cost  that 
should  be  borne  by  the  city  in  general,  the  same  reasoning  would 
have  less  force;  and  this  might  well  be  definitely   fixed  by  charter 
or  by  general  statute  provision. 

Although  financial  considerations  and  usage  are  important  factors, 
in  any  case,  in  determining  the  portion  of  the  total  expense  that  shall 
be  borne  by  the  city  and  by  property  respectively,  yet  such  factors 
have  little  impoi-tance  in  the  abstract  consideration  of  its  most  just 
apportionment  between  the  two.  In  practice  this  distribution  varies 
from  one  extreme,  where  the  city  pays  the  total  cost,  to  the  other,  in 
which  private  property  is  charged  with  the  entire  burden.  The  one 
*  See  Appendix,  Section  20. 
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is  permissible  because  public  improvements  are  considered  of  such 
general  utility  that  their  construction  may  be  effected  by  general  tax- 
ation, though  there  have  been  cases  where  this  has  been  discouraged; 
and  the  other  procedure  is  upheld  as  charging  property  with  no 
greater  burden  than  is  equalized  by  the  direct  benefit  to  it.  Both 
extremes  have  a  broad  sanction  as  not  violating  the  lawful  realm  of 
municipal  powers.  If  both  these  widely  divergent  methods  are  per- 
missible because  of  the  adequacy  of  resulting  advantage  in  either 
case,  it  would  certainly  be  reasonable  to  distribute  the  outlay  between 
the  two,  as  is  done  in  many  southern  cities  as  well  as  elsewhere.  Not 
only  this,  but  it  would  seem  more  just  and  equable  to  divide  thus,  as 
the  exjjense  would  then  fall  within  both  spheres  which  directly  profit 
by  the  improvement,  instead  of  the  one  or  the  other  receiving  a  sub- 
stantial benefit  without  sharing  in  its  cost. 

Those  advocating  the  principle  of  payment  by  the  city  ignore  the 
direct  advantage,  both  pecuniary  and  utilitarian,  that  a  good  pave- 
ment secures  to  the  property  affected,  an  advantage  sometimes 
augmented  by  the  privilege  given  to  the  property  owners  to  have  a 
voice  in  the  kind  that  shall  be  laid.  They  disregard  the  fact  that 
general  taxation  is  levied  also  ujjon  personal  jsroj^erty,  the  value  of 
which  is  not  increased  by  the  construction  of  public  works.  They 
forget  that  the  most  potent  factor  in  discouraging  a  demand  for  lavish 
expenditures  for  unnecessary  imi^rovements  is  making  the  insistent 
abutter  j)ay  directly  for  his  gain,  instead  of  bringing  all  the  city  to 
contribute  its  equal  rate.  Partisans  of  the  i^rinciple  of  payment  by 
the  property  seem  to  disregard  the  fact  that  the  pavements  are  for 
general  public  use,  and  beneficially  affect  all  the  jjeople  and  all  those 
having  biisiness  or  commercial  interests  in  the  city  The  claim  that 
although  paving  confers  a  general  benefit,  it  will  become  entirely  com- 
pensative when  all  the  streets  are  paved  by  assessment,  will  not  stand, 
because  driving  and  teaming  naturally  follow  certain  lines  and  routes 
which  will  always  require  the  maximum  of  attention,  leaving  other 
streets  ignored;  and  granting  for  the  moment  that  this  argument  were 
sound,  what  would  be  gained,  when  every  property  holder  has  paid 
his  part,  over  the  method  of  letting  every  citizen  pay  a  part  constantly 
as  the  work  jjrogresses,  and  reaching  the  same  aggregate  in  the  end. 
Those  who  make  the  greatest  use  of  pavements  and  have  the  largest 
interest  in  their  general  excellence  and  extent  are  by  no  means  those 
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upon  whom  a  corresponding  charge  can  be  fixed  if  linear  frontage 
governs.  To  an  extent  the  public  use  of  the  streets  is  proportional  to 
property  possessed,  and  to  that  extent  it  would  seem  proper  that  the 
cost  of  pavements  should  be  met  by  general  taxation,  which  bears 
upon  each  in  proportion  to  his  property.  While  nothing  is  proved  by 
the  fact,  it  may  not  be  amiss  to  note  that  the  tax  rate  in  those  cities, 
given  as  paying  entirely  for  their  public  improvements,  happens  to 
be  even  less  than  is  the  average  rate. 

The  rule  most  just  and  fair,  then,  would  be  to  lay  upon  both 
property  and  municipality  its  portion  of  the  cost  of  i^avements. 
Private  property  directly  profits  from  its  construction;  the  general 
public  derives  undoubted  and  substantial  benefit  as  well.  Let  each 
be  charged  with  its  due  proi^ortion,  as  measured  by  the  relative  ad- 
vantage of  each.  Were  cities  to  pay  from  205"^  to  40%  of  the  total, 
individual  burdens  would  be  lighter  without  removing  the  wholesome 
restraint  of  the  still  remaining  charge  against  extravagant  demands, 
and  the  assessment  of  the  remainder  uj^on  private  property  would  free 
the  city  from  too  great  an  outlay  for  its  needed  improvements.  This 
principle  has  partial  recognition  in  many  of  the  cities  where  assess- 
ment falls  upon  property  by  their  assuming  the  cost  of  paving  street 
intersections,  or  the  portion  that  would  attach  to  city  property  abut- 
ting, or  both.  This  amount  might  well  be  substantially  augmented  in 
order  to  secure  the  most  equal  justice,  and  it  is  believed  that  this  re- 
sult will  be  gradually  approached,  and  the  error  inhering  in  either 
extreme  course,  though  jjermissible,  will  be  finally  merged  into  the 
more  exact  justice  secured  by  proportioning  the  charge  upon  both 
interests  according  to  the  benefits  received  by  each. 

Nearly  all  the  cities  distribute  the  assessment  upon  property  in 
the  proportion  that  the  frontage  of  any  lot  bears  to  the  total  frontage 
on  the  improvement.  Exceptions  to  the  rule  are  Brooklyn,  Louis- 
ville and  Seattle,  where  proportions  (constant  for  each  city,  but 
varying  for  the  different  ones)  of  from  two-fifths  to  the  total  amount 
are  assessed  according  to  the  area  that  the  lot  or  land  (within  a  certain 
distance  of  the  improvement)  bears  to  the  total  area  within  the  whole 
assessment  zone  or  belt  so  formed.  The  width  of  such  zone  is  gen- 
erally fixed  to  include  a  distance  on  each  side  half  way  to  the  next 
parallel  street.  City  lots  are  generally  so  regular  in  size,  shajje  and 
distribution  that  as  a  rule  the  frontage  plan  is  quite  fair  in  efiecting 
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the  assessment;  yet  there  are  cases  where  inequality  -will  result,  as 
where  some  of  the  abutting  lots  border  upon  the  improvement  with 
their  longer  side,  while  others  so  front  with  their  shorter  side.  To 
compensate  for  this  and  similar  irregularities,  there  is  growing  the 
commendable  practice  of  assessing  60%',  more  or  less,  by  the  frontage 
method,  and  the  remainder  according  to  the  area  rule.  This  method 
need  not  be  made  complex  or  unwieldy.  It  lessens  reason  for  com- 
plaint and  objection,  and  decreases  the  chance  of  illegality  in  the 
assessment*;  and  if,  in  any  case,  there  is  absence  of  the  irregularity 
in  the  condition  of  the  lots  that  would  furnish  the  reason  for  applying 
this  system,  the  resulting  allotment  of  the  charge  will  produce  the 
same  result  that  would  be  effected  if  the  frontage  rule  only  were 
applied.  Significant  of  the  movement  in  this  direction  are  the  jaro- 
visions  of  the  proposed  amendments  to  the  charter  of  St.  Louis,  now 
pending.  The  proposed  change  makes  one-fourth  the  total  cost  of 
paving  assessable  according  to  the  frontage  of  abutting  projDerty,  and 
the  remaining  three-fourths  is  to  be  assessed  by  the  area  rule  upon  a 
district  extending  laterally  to  aline  "as  near  midway  between  the 
street  to  be  improved  and  the  next  i:)arallel  or  converging  street  on 
each  side  of  the  street  to  be  improved  as  the  lot  lines  *  *  *  will 
permit." 

Though  many  cities  assess  for  the  renewal  of  jjavements,  by  the 
same  method  they  use  for  the  original  work,  there  is  a  significance  in 
the  fact  that  of  the  cities  given  as  assessing  for  the  first  jsaving,  about 
40%  charge  the  city  with  all,  or  a  greater  percentage  of  the  cost  of 
repaving.  Nor  can  it  be  denied  that  there  is  a  basis  of  sound  reason- 
ing in  the  stand  taken  by  the  Pennsylvania  courts,  as  given  at  some 
length  in  Section  26  of  the  Api^endix,  denying  the  right  to  assess  the 
cost  of  renewal,  though  the  resulting  difficulties  encountered  by  some 
of  the  Pennsylvania  cities  in  repaving,  and  the  policies  of  the  other 
States  both  indicate  that  this  State  carries  the  argument  too  far. 
Nevertheless,  when  suburban  property  has  been  made  more  definitely 
urban  by  the  construction  of  a  pavement  along  its  front,  when  lines 
of  travel  and  traffic  have  become  concentrated  and  established,  and 
when  a  city  has  reached  an  age  of  the  life  of  a  pavement,  and  has  dis- 
posed of  the  mass  of  expenses  crowding  upon  its  sudden  growth, 
there  is  much  reason  and  justice  in  charging  it  for  a  renewal  with 
*  Appendix,  Sections  16  and  20. 


366  VAN"  ORNUM   ON"   SPECIAL   ASSESSMENTS. 

double  the  percentage  that  it  pays  for  the  original  jjavement.  Pro- 
visions permitting  a  majority  of  j^roperty  owners  to  choose  the  kind 
of  i^avement  to  be  relaid,  and,  in  conseqiience,  charging  them  as  for  an 
original  work,  or  the  laying  of  a  better  pavement  than  the  first,  and 
so  charging  all  the  excess  cost  upon  the  property*,  furnish  whole- 
some variations  that  might  frequently  be  taken  advantage  of  and 
relieve  a  city  of  a  portion  of  its  percentage.  When  repair  amounts  to 
a  renewal  is  an  interesting  question.  Buffalo  decides  that  when  one- 
third  or  more  of  the  pavement  must  be  rejilaced,  it  becomes  a  re- 
newal. 

Repairs  are  always  a  general  expense  to  the  city,  except  where 
maintenance  clauses  occur  in  the  contract  for  the  original  work.  The 
incorporation  of  such  clauses  is  of  recent  origin  and  the  range  of  judi- 
cial opinion  upon  their  legality  is  covered  by  Section  27  of  the  Appen- 
dix. The  diversity  in  the  decisions  there  given  is  marked  ;  but  if  an 
ojjinion  may  be  hazarded  now  upon  the  probable  outcome,  it  would 
be  that  maintenance  clauses  will  be  held  valid  where  the  contract 
makes  this  agreement  a  simple  warranty  of  the  quality  of  material  and 
work,  and  where  the  term  of  years,  during  which  repairs  (if  found 
necessary)  must  be  made  by  the  contractor,  is  not  so  long  as  to  make 
it  appear  to  be  an  attempt  to  jjut  indirectly  iipon  the  property  the 
cost  of  repairs.  The  trend  of  the  more  recent  judicial  decisions  seems 
to  be  in  this  direction.  A  large  number  of  cities  include  maintenance 
clauses  in  their  paving  contracts,  and  the  custom  is  growing;  a  recent 
example  being  the  clause  in  the  new  charter  for  Greater  New  York 
authorizing  their  incorporation. 

For  the  mains  and  laterals  of  a  water-works  distributing  system, 
although  circumstances  lead  a  majority  of  the  cities  to  construct  either 
partially  or  wholly  from  the  collection  of  water  rates,  a  large  number 
generally  follow  the  same  method  of  apportioning  the  assessment 
upon  private  property  that  prevails  in  the  case  of  pavements.  The 
system  of  apportionment  suitable  for  paving  assessments  seems  very 
applicable  also  to  such  a  distributing  system.  Still,  the  percentage 
allotted  to  i^rivate  property  might  well  be  increased  in  the  case  now 
under  consideration,  because,  unlike  the  streets,  the  water-distributing 
system  is  not  subject  to  constant  use  by  the  general  public  over  all  its 
extent,  but  rather  its  utility  is  monopolized  by  those  connecting  with 
*  See  Exhibit,  Chapter  vii.  Section  6. 
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the  pipes;  and  because  the  iise  of  iJublie  -water  will  be  encouraged  where 
a  considerable  expense  is  thus  charged  to  property  for  bringing  the 
water  within  its  reach,  whether  the  opportunity  is  availed  of  or  not. 
It  is  quite  customary  for  assessing  cities  to  charge  property  only  to  the 
extent  that  would  cover  the  cost  of  a  small  size  of  pipe  ;  and  this  by 
assessing  its  actual  cost,  or  a  fixed  charge  per  front  foot  varying  from 
65  cents  to  81. 25.  Occasionally  there  is  an  annual  charge  per  front 
foot  for  a  term  of  years,  intended  to  amount  to  the  same  as  a  single 
total  levy.  The  expense  of  house  connection  is  generally  paid  by  the 
house  owner,  and  occasionally  there  is  an  additional  fixed  charge  for 
connection  to  increase  the  city's  revenue  ;  but  as  the  latter  would  tend 
to  discourage  the  use  of  the  water,  its  imposition  is  impolitic.  The 
cost  of  hydrants,  valves  and  other  public  appurtenances  naturally 
falls  upon  the  city. 

Of  the  3  196  water-works  systems  in  this  country,  furnishing  a  full 
supply  to  3  480  cities  and  towns,  1  489  are  owned  by  private  com- 
panies*, but  their  number  is  constantly  decreasing  under  a  general 
policy  favoring  municipal  ownership.  The  cities  owning  and  opera- 
ting their  water-works  have  generally  paid  for  the  supply  system  by 
issuing  water  Iwnds,  the  interest  of  which,  as  well  as  the  principal  as 
it  becomes  due,  is  paid  by  general  taxation,  or  more  frequently  by  so 
fixing  the  water  rates  charged  consumers  that  the  resulting  revenue 
shall,  in  part  or  even  whoUy,  provide  for  this  expense,  as  well  as  for 
the  ordinary  cost  of  maintenance.  The  size  of  the  rates  varies 
greatly,  the  enormous  range  being  much  influenced  by  the  varying 
customs  of  different  cities,  some  paying  all  the  water-works  expenses 
from  the  income  derived  from  water  rates,  others  so  meeting  a  smaller 
portion  of  these  expenses,  and  others  jjroviding  for  only  a  light  outlay 
from  the  direct  contribution  of  consumers.  Of  the  half-dozen  cities 
whose  rates  are  given,  the  charge  for  metered  water  varies  from  4  to 
30  cents  per  1  000  galls. ,  the  average  being  about  10  cents,  when  the 
daily  consumption  is  only  about  the  amount  stated. 

Whether  all  the  expenses  occurring  in  the  management,  mainte- 
nance and  extension  of  the  water-works  system  should  be  met  entirely 
from  the  revenue  derived  from  water  rates  or  rents  may  well  be  ques- 
tioned. Undoubtedly  this  method  is  legal,  but  it  is  doubtful  if  it  is 
entirely  just.     Of  course  if  water  were  used  by  every  property  owner 

*  Engineering  News,  Vol.  xxxvii,  p.  265. 
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there  would  result  a  universal  contribution,  the  same  as  when  taxation 
meets  a  portion  of  such  expenses;  but  such  is  not  the  case.  All  the 
general  public  j^i-ofit  from  the  water-works,  the  city  as  such  secures 
direct  benefit  in  fire  protection  and  in  other  ways,  and  it  is  submitted 
as  tending  only  to  equal  justice  that  the  city  itself  should  share  in 
the  expense,  perhaps  to  the  extent  of  jsroviding  for  the  sinking  fund 
to  meet  the  payment  of  its  water  bonds,  or  an  equivalent  contribution. 
The  practice  of  a  large  number  of  cities  in  assessing  upon  adjoining 
property  the  cost  of  laying  a  small  size  of  pipe  is  also  praiseworthy  as 
an  aid  to  the  distribution  of  the  cost  more  entirely  where  advantage 
results.  Such  practice  as  that  of  charging  vacant  lots,  adjacent  to 
water  mains,  with  an  annual  tax  per  front  foot  does  partially  compen- 
sate for  escaping  all  other  contribution.  The  real  purpose  for  which 
water- works  are  inaugurated,  and  the  justification  for  their  existence, — 
the  sanitary  welfare  of  the  citizens  and  their  better  protection  and 
comfort, — will  be  defeated  to  a  greater  or  less  extent  if  the  rates  are 
high  enough  to  discourage  connection;  and  compulsory  laws  under 
such  circumstances  cause  irritation  and  objection.  A  certain  contri- 
bution from  the  general  taxation  and  partial  assessments  for  the  ex- 
tension of  the  distributing  system  not  only  lessen  the  water  rates  and 
23romote  justice,  but  tend  to  encourage  the  use  of  water  by  those  so 
charged;  for,  otherwise,  they  will  secure  no  direct  return  for  the  as- 
sessment. 

In  a  majority  of  cases  the  city  pays  for  main  sewers,  either  wholly 
or  all  above  the  usual  assessment  for  a  bi'anch  sewer.  A  large  number 
also  assess  this  expense  by  the  area  method  upon  the  property 
affected,  either  entirely  or  all  exceeding  the  usual  charge  for  a  lateral, 
as  before.  Less  commonly  a  percentage  is  assessed,  and  the  city  pays 
the  balance,  or  the  cost  is  divided  between  an  area  and  a  frontage 
charge,  or  other  plans  are  followed  in  its  distribution.  Of  the  methods 
pursued  in  providing  for  the  collecting  system,  consisting  of  the  lat- 
erals or  branch  sewers,  a  plurality  jirefer  to  charge  the  cost  upon 
abutting  property  according  to  the  frontage  rule;  though  nearly  an 
equal  number  have  an  arbitrary  rate  per  foot  front  varying  from  30 
cents  to  $2,  the  city  to  pay  the  balance  ;  and  a  considerable  number 
assess  the  cost  either  upon  the  drainage  district  or  upon  a  zone  of  a 
certain  width  on  each  side  of  the  sewer,  in  the  ratio  that  the  area  of 
the  lot  or  land  in  question  bears  to  the  total  assessed  area,  streets  being 
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excluded.  Of  the  remaiDing  methods,  some  divide  the  expense  be- 
tween the  city  and  private  property  by  various  i^rocesses,  others 
charge  it  upon  property  by  a  combination  of  the  frontage  and  area 
rules,  and  sometimes  the  city  bears  the  whole  cost. 

The  frequently  occurring  plan  of  assessing  upon  contiguous  prop- 
erty the  equivalent  expense  of  a  sewer  of  small  size,  where  a  large 
sewer  is  placed,  is  commendable.  This  method  would  obviously  have 
no  advantage  where  the  total  cost  of  both  mains  and  branches  are  to- 
gether distributed  j)ro  rata  uj)on  all  the  projjerty  benefited,  nor  any 
application  where  the  city  pays  entirely  for  its  sew^er  system;  but 
where  adjacent  property  is  charged  with  a  certain  part  or  all  the  ex- 
pense of  the  sewer,  inequality  would  result  if  the  method  just  indi- 
cated, or  an  equivalent  specified  fixed  charge  not  depending  on  the  size 
of  pipe,  is  not  api^lied.  Necessarily  the  larger  sewers  are  laid  on  the 
lower  ground  where,  except  manufactories  and  similar  industries,  the 
less  valuable  and  productive  property  occurs.  Here,  also,  are  more 
generally  found  tenements  and  the  habitations  of  laboring  men  who 
are  less  able  to  meet  the  burden,  while  the  commercial  districts,  and 
especially  the  dwellings  of  the  more  prosperous,  are  in  the  higher  por- 
tions of  the  city,  w'here  the  sewers  are  naturally  of  smaller  size.  The 
latter  classes  of  citizens  make  the  greater  use  of  sewers,  and  it  would 
manifestly  be  unjust  to  fail  not  only  to  lay  upon  them  an  equal  bur- 
den, but  to  charge  them  even  a  smaller  amount  than  the  average.  The 
cost  of  appurtenances,  like  manholes,  lampholes,  catch-basins  and 
flushing  tanks  is  sometimes  met  by  the  city  and  sometimes  included 
in  the  cost  of  the  sewer  and  so  distributed.  The  disposition  of  these 
expenses  dei)ends  upon  the  j^rovisions  of  law.*  House  connections 
with  the  sewer  are  made  at  the  exjiense  of  the  property.  In  addition 
a  few  cities  imj)Ose  a  special  charge  for  the  privilege  of  connection  for 
the  puri)ose  of  inci-easing  the  sewerage  fund  of  the  city;  but  this  is  to 
be  deprecated  as  tending  to  discourage  the  general  use  of  the  sewers, 
which  has  become  a  sanitary  necessity  in  cities. 

The  question  of  the  distribution  of  the  cost  of  a  sewer  system  is  also 
a  complicated  one,  whether  considered  in  the  light  of  practice  or  prin- 
ciple. All  the  city  has  an  interest,  both  general  and  sanitary,  in  its 
sewers,  and  the  property-owners  have  a  direct  interest  as  abutters  as 
well  as  a  jjarticular,  but  more  general,  one  in  the  larger  mains  of  their 
*  See  Exhibit,  Chap,  viii,  Sees.  12  and  13. 
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district  sewers.  As  far  as  the  trunk  sewers  are  concerned,  their  con- 
struction is  of  more  general  import  to  the  city  as  a  whole  than  to  any 
individual  users,  and'  their  cost  might  well  be  paid  by  general  taxa- 
tion. Whether  or  not  the  city's  share  in  building  sewers  should  al- 
ways be  devoted  to  these  mains,  becaiise  they  have  the  least  direct 
connection  with  projDerty,  may  be  uncertain,  as  custom  or  local  usage 
may  dictate  the  assumption  of  the  cost  of  work  on  street  intersections 
or  in  front  of  city  lots,  parks  and  other  proj^erty,  or  other  expenses, 
besides  the  occasional  defaults  that  come  uj)on  the  city,  all  of  which 
would  probably  equal  the  proportion  suggested.  All  the  reasons  al- 
ready given  for  considering  it  equitable  for  the  city  to  share  in  the  ex- 
pense of  its  water-works  system  apply  equally  to  its  sewer  system; 
where  there  are  no  storm-water  sewers  (a  separate  system)  for  which 
the  city  usually  pays,  it  is  but  just  that  the  city  should  aid  in  the  con- 
struction of  the  more  usual  combined  system,  which  has  to  receive  the 
storm  water  from  the  streets.  It  would  be  unfair  to  expect  lots  or 
lands,  so  distant  that  they  may  not  be  able  for  years  to  secure  con- 
nection with  the  system  as  it  develoj)s,  to  contribute  much  toward 
paying  for  trunk  sewers  which  will  at  best  be  of  only  indirect  special 
advantage  to  them;  and  it  is  believed  that  the  city  assuming  a  share, 
to  the  extent  of  20  or  30%  of  the  cost  of  its  sewer  system,  would  fur- 
nish but  a  fair  equivalent  for  its  benefit,  and  make  less  burdensome 
the  individual  assessments  which  so  frequently  cause  objection  and 
retard  the  construction  of  these  necessary  improvements. 

Of  the  methods  followed,  perhaps  the  most  adequate  plan  of  deal- 
ing with  the  portion  of  the  expense  of  sewers  that  is  to  be  assessed  is 
that  common  one  of  considering  together  all  the  sewers  of  each  sewer 
district  and  distributing  the  cost  over  the  district  in  proportion  to  the 
advantage  received.  In  many  cities  this  allotment  is  attempted  by  the 
frontage  rule,  but  deep  lots  generally  have  a  larger  share  in  the  use  of 
sewers  than  have  shallow  ones  of  the  same  frontage.  The  amount  of 
storm  water  to  be  removed  from  lots  is  far  from  having  a  definite  rela- 
tion to  frontage,  and  other  irregularities  resiilt.  Other  cities  appor- 
tion this  assessment  by  the  area  rule,  but  of  equal  areas  that  which 
has  the  greater  frontage  enjoys  conditions  favoring  a  larger  number  of 
buildings  or  other  improvements  which  imply  a  greater  interest  in  the 
sewer  system,  and  therefore  should  furnish  a  correspondingly  larger 
contribution;  and  as  systems  are  often  built  a  portion  at  a  time,  lands 
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remote  from  the  constructed  portions  shonld  not  be  required  to  pay- 
equally  with  lots  that  are  enabled  to  make  use  of  them  at  once. 

In  consequence  of  the  inequitable  features  inhering  in  both  systems, 
in  numerous  instances  it  has  become  an  approved  method  to  combine 
the  two  processes  and  assess  4tO%,  more  or  less,  by  frontage  and  the 
balance  by  the  area  rule,  or  to  apjsly  some  equivalent  procedure  that 
will  effect  a  similar  combination  of  methods.  This  system  of  ai^portion- 
ment  is  growing  in  favor.  It  corrects  the  more  serious  errors  of  either 
method  used  alone.  It  is  not  complex  in  application,  and  in  principle 
it  is  as  definite  and  as  easily  understood  by  the  people  affected  as  either 
single  process.  Probably  no  more  adequate  plan  for  sewer  assessments 
has  been  extensively  used  than,  after  the  city  has  contributed  its  due 
portion,  assessing  by  frontage  an  amount  equal  to  the  cost  of  a  smaller 
size  of  pipe  ujDon  abutting  i^roperty,  as  i^reviously  mentioned,  or  an 
equivalent  amount,  and  distributing  the  remainder  in  proportion  to 
area. 

In  some  Massachusetts  cities  the  plan  has  recently  been  applied  of 
partly  paying  the  cost  of  the  sewer  system  and  its  maintenance  by  a  sewer 
rental  corresponding  in  its  principle  to  the  water  rates  of  water-works 
systems.  The  private  contribution  to  sewerage  construction  should 
correspond  very  closely  to  the  use  made  of  them;  and  to  effect  this, 
Brockton  and  other  Massachusetts  towns*  have  adopted  the  plan  of 
such  an  annual  chaige  depending  upon  the  amount  of  water  used, 
claiming  that  the  quantity  of  sewage  to  be  disposed  of  can  be  ajj- 
proximately  estimated  by  reference  to  the  water  rate.  If  this  plan 
does  not  tend  to  discourage  the  use  of  sewers,  if  it  does  not  too  much 
complicate  the  system  of  assessment,  and  proves  otherwise  practicable, 
it  may  furnish  a  valuable  addition  to  the  methods  of  ai:)iiortionmeut. 
Its  practical  oijeration  will  be  watched  with  interest  by  those  mak- 
ing a  study  of  special  assessments. 

Of  other  classes  of  assessable  works  that  of  street  sprinkling  is 
growing  in  imi)ortance,  and  is  becoming  quite  common.  About  half 
of  the  cities  given  make  sprinkling  a  public  concern,  and  a  majority  of 
these  assess  the  cost  upon  abutting  jjroperty  according  to  its  linear 
frontage.  In  Sections  22,  23  and  24  of  Chapter  VII  of  the  Exhibit  are 
given  details  of  the  method  of  providing  for  such  assessments,  which 
must  have  charter  sanction  to  be  legal.     The  same  legislative  counte- 

♦  See  Journal  of  the  Association  of  Engineering  Societies,  Vol.  xviii  pp.  1-63. 
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nance  would  seem  fully  as  necessary  to  effect  the  assessment  of  muni- 
cipal duties  wliicli  have  been  generally  considered  a  city  charge;  but 
with  such  provision,  street  cleaning,  for  example,  may  be  assessed. 

To  guard  against  wanton  extravagances,  such  as  are  mentioned  in 
the  Appendix,  Sections  17  and  28,  as  well  as  to  protect  private  interests 
against  lesser  encroachments  or  undue  burdens,  it  is  the  condition  of 
a  considerable  proportion  of  the  cities  to  be  restricted  in  the  amount 
that  can  be  assessed  for  each  improvement.  This  limit  is  sometimes 
■given  as  a  certain  amount  per  foot  of  frontage  or  of  area,  but  is  more 
frequently  a  fixed  percentage  of  its  tax  valuation.  For  the  cities  here 
reviewed  this  ratio  varies  from  one-fifth  to  unity.  Occasionally  there 
is  a  variation,  such  as  a  limit  of  25%  if  proj^erty  does  not  jjetition  for 
the  improvement,  which  becomes  100%"  where  petition  is  made.  There 
may  be  much  question  about  the  proper  amount  of  this  percentage. 
Certainly  it  should  not  be  so  small  as  to  prevent  necessary  works,  nor 
so  large  as  to  offer  no  effective  check  in  preventing  undue  burdens. 
Its  application  may  be  in  complete  abeyance;  but  if  a  contingency 
arises  when  its  influence  is  required,  immediate  advertence  to  its 
agency  furnishes  a  ready  remedy  against  excessive  charges. 

The  principle  of  special  assessments  for  public  improvements  is 
too  firmly  established  and  too  well  proved  to  be  questioned.  Although 
the  attempt  has  here  been  made  to  indicate  the  injustice  of  certain  ex- 
tremes of  practice  that  are  in  vogue,  and  to  suggest  methods  that  should 
secure  a  more  exact  equity,  yet  the  author  realizes  the  undesirability 
and  impossibility  of  an  attempt  to  consider  any  rule  of  apportionment 
fixed  and  rigid.  The  differing  conditions,  requirements  and  circum- 
stances of  municipalities  make  a  system  that  may  be  most  impartial  for 
one  city  unfair  for  another;  and  here  the  elasticity  of  the  principle 
exhibits  its  most  salutary  quality.  While  so  framed  as  to  preserve 
the  essentials  of  justness,  its  details  may  readily  be  adjusted  to  har- 
monize with  local  conditions. 

But  this  elasticity,  so  efficacious  in  its  general  scope,  cannot  be  in- 
voked to  unsettle  established  practice  without  defeating  the  justice 
which  it  should  serve.  Uncertainty  of  what  to  expect,  or  constant 
liability  to  change,  is  frequently  worse  than  the  opposite  extreme. 
Where  a  city  has  for  years  made  its  improvements  by  a  certain  method 
it  would  obviously  be  unfair  to  change  completely ;  as  where  the  cost 
of  paving  streets  has  been  a  city  expense  and  a  portion  of  them  have 
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been  so  improved,  it  -would  be  inequitable  to  property  owners  on 
streets  about  to  need  pavements  to  change  this  policy  to  one  requiring 
the  abutters  to  jjay  thenceforth  for  such  work  by  assessment,  because 
they  have  already  contributed  their  share  by  general  taxation  to  the 
improvement  of  the  streets  that  have  been  paved,  and  should  therefore 
obtain  an  equivalent  retiirn  for  their  own. 

Cities  having,  then,  a  system  established  by  laws  and  usage  cannot 
radically  change,  even  if  the  pi'oposed  methods  are  better.  The  ap- 
proach to  superior  procedure  must  be  by  successive  ajjproximations 
made  when  conditions  favor  revision,  and  in  a  manner  that  will  most 
equably  distribute  the  charge,  as  indicated  in  the  light  of  past  contri- 
butions as  well  as  of  future  assessments.  A  new  city,  just  adopting  a 
system,  can  escape  much  of  this  labor  toward  more  perfect  methods 
by  securing,  in  the  beginning,  a  i)lan  suited  to  its  circumstances ;  but 
even  here  it  is  recognized  that  any  system  may  be  somewhat  tentative, 
as  it  may  not  develop  the  efficiency  and  adequacy  expected.  Further, 
the  extension  of  the  princii^le  to  improvements  theretofore  not  covered 
by  special  assessments  involves  experimental  methods  that  can  be  per- 
fected only  by  the  test  of  experience.  And  so  in  any  case  occasional,, 
but  not  injudicious,  revisions  must  be  made,  the  effect  and  influ- 
ence of  the  local  law,  the  exi^erience  of  other  cities  and  the  legal  inter- 
pretation of  the  laws,  all  guiding  toward  superior  provisions.  In  this 
way  practice  and  theory  may  more  closely  unite,  and.  by  imijartially 
distributing  the  charge  wherever  the  benefits  are  received,  secure  that 
equal  justice,  the  necessity  for  which  forms  the  plea  of  the  opening 
paragraiDh  of  the  paper. 


APPENDIX.— THE  LAW  OF  SPECIAL  ASSESSMENTS. 

Intkoductiox. 

1.  Nature  and  Limitations. — In  so  far  as  a  special  assessment  is  a  con- 
tribution enforced  by  the  authority  of  the  state  to  raise  revenue  for 
public  purposes,  it  partakes  of  the  nature  of  a  tax.  Because  it  is 
levied  upon  property  in  j^roportion  to  the  benefits  received,  there 
result  some  principles  difi'ering  from  those  of  genei-al  taxation.  Con- 
stituting a  branch  of  the  power  of  taxation,  sjiecial  assessments  must 
conform  to  the  limitations  imposed  ujjon  the  taxing  power,  to  the 
extent  that  (1)  they  must  be  for  the  public  welfare,  (2)  they  must  be 
imposed  only  for  public  j)urposes,    (3)  they  must  be  levied  by  due 
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process  of  law;  and  tliey  must  conform  to  requirements  of  the  federal 
Constitution,  (4)  forbidding  the  taking  of  property  without  just 
compensation,  (5)  not  permitting  the  impairment  of  contracts,  and  (6) 
guaranteeing  equal  iirivileges  in  a  state  to  citizens  of  other  states. 
They  differ  from  taxes  in  so  far  that  (7)  the  power  to  levy  them  maybe 
delegated  by  the  Legislature  to  municipalities,  and  (8)  they  are  not 
to  be  imi30sed  upon  all  the  citizens  in  proportion  to  the  i^roi^erty 
valuation  of  each,  even  where  there  is  a  constitutional  provision 
requiring  equality  and  uniformity  in  taxation.  Other  restrictions  may 
be  imposed  by  the  state  Constitution;  but  unless  thus  expressly 
prohibited,  the  power  of  the  state  Legislature  is  supreme  and  its  dis- 
cretion is  conclusive. 

2.  Limitnlions  Explained. — The  first  requirement  just  mentioned 
(they  must  be  for  the  general  welfare)  follows  one  of  the  fundamental 
principles  of  the  purpose  of  government  as  stated  in  the  federal 
Constitution,  and  is  a  question  for  the  Legislature  only  to  determine. 
The  second  necessity  (a  public  purpose)  is  also  a  legislative  question, 
but  one  in  which  the  courts  may  act  if  its  requirements  are  disre- 
garded by  the  Legislature.  The  third  essential  is  administered  in  a  way 
to  guard  private  rights  especially,  and  is  covered  by  the  following  sub- 
division: "Procedure  in  Their  Levy  and  Collection."  The  fourth  req- 
uisite is  secured  by  the  fact  that  the  fundamental  principle  of  such 
assessments  considers  them  as  levied  to  pay  for  the  special  benefits 
■which  accrue  over  and  above  the  benefits  to  the  general  iiublic.  The 
fifth  and  sixth  needs  aftect  mainly  the  interest  of  bondholders,  as  dis- 
cussed under  the  title  "  The  Validity  of  Improvement  Bonds."  The 
seventh  characteristic  is  constantly  and  universally  exercised  by  state 
Legislatures  in  their  paramount  authority;  and  the  eighth  principle  is 
rejected  by  only  Tennessee  and  Arkansas'. 

Pkoceduke  in  Theik  Levy  and  CoLiiECTiON. 

3.  Flexibility  of  Method.— The  adaptability  and  justness  of  the  prin- 
ciple involved  is  indicated  by  the  flexibility  in  the  method  of  pro- 
cedure that  the  system  permits.  Not  only  is  the  special  assessment 
laid  in  proportion  to  the  benefit  received,  but  the  latitude  of  methods 
pursued  in  its  levy  and  collection  permits  of  a  ready  adaptation  to 
the  sjjecial  conditions  and  needs  of  each  case. 

4.  Legislative  Authority. — Although  the  Legislature  is  the  supreme 
power,  it  delegates  its  authority  more  or  less  completely  and  very 
specifically  to  the  municipality  by  a  charter  or  by  general  laws  under 
which  the  city  acts.  In  every  case  these  specific  legal  provisions  govern 
the  mode  of  operation,  and  are  to  be  strictly  followed  in  each  stej)  of 
the  procedure. 

•See  p.  343. 
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5.  Initiative  Proceedings. — -Sometimes  the  city  council  or  an  execu- 
tive boanl,  sucli  as  a  board  of  public  works,  has  authority  to  proceed 
at  once;  but  more  frequently  there  is  necessary  some  antecedent  action, 
such  as  a  petition  of  a  portion  or  a  majority  of  the  property-owners 
aflfectedi;  or  a  favorable  vote;  or  a  remonstance  from  a  certain  projior- 
tion  of  the  interests  affected  may  postj^one  action  for  a  definite  time, 
or  otherwise  influence  the  proceeding.  To  facilitate  such  action  by  the 
interests  affected,  notice  of  the  proposed  imiJi-ovement  is  generally 
given  before  making  the  assessment,  and  usually  opportunity  for  a 
hearing  for  and  against  the  proposition  is  furnished  by  the  body  having 
jurisdiction,  either  before  or  after  the  apportionment  is  made. 

6.  Distributing  the  Assessment. — Assessing  the  cost  upon  the  property 
affected  is  the  work  of  assessors  or  commissioners.  Generally  the 
assessors  are  especially  appointed  for  the  purpose  by  a  court  or  some 
other  specified  body,  but  frequently  certain  officials  serve.  It  is  usual 
for  the  extent  of  the  assessment  district  to  be  prescribed  by  the  muni- 
cipal body  mentioned  in  Section  5,  but  occasionally  the  Legislature 
prescribes  it;  otherwise  the  assessors  generally  fix  its  limits.  Much 
the  same  course  of  action  obtains  in  fixing  the  rule  by  which  the  assess- 
ment is  apportioned ;  but  whether  it  is  by  area,  by  the  front  foot,  or 
otherwise,  the  method  is  followed  which  is  supposed  to  distribute  the 
expense  most  nearly  in  proportion  to  the  benefits  received.  Some- 
times the  amount  that  can  be  assessed  is  limited  by  law,  either  by  a 
provision  that  the  assessment  shall  not  exceed  a  certain  percentage  of 
the  assessed  valuation,  or  the  proportion  to  be  charged  upon  the  j)rop- 
erty  may  be  fixed  and  the  city  pay  the  balance,  or  the  maximixm  charge 
may  be  siiecified  per  foot  or  otherwise,  or  limitations  may  be  effected 
by  other  restrictive  provisions. 

7.  Collectiyig  the  Assessment. — The  assessment  becomes  a  definite 
charge  upon  property  when  the  procedure  of  Section  6  is  authenticated 
and  confirmed  by  the  body  which  took  the  initiative  proceedings  or 
the  one  which  appointed  the  assessors,  and  it  is  usually  declared  by 
statute  to  become  then  a  lien  upon  the  i^roperty.  The  special  assess- 
ment is  generally  collected  by  the  city  officials,  either  as  ordinary 
taxes  are  collected  or  by  a  prescribed  special  process;  but  in  some 
cities  the  assessment  bills  are  given  to  the  contractor  in  payment  for  his 
work,  and  are  collected  by  him.  If  necessary,  the  collection  of  the 
assessment  is  enforced,  when  it  becomes  delinquent,  under  specific  leg- 
islation permitting  a  sale  of  the  lands,  or  by  some  of  the  processes 
adapted  from  the  method  of  collecting  general  taxes. 

8.  Remedies  of  the  Tdx-Payer. — While  the  ordinary  legal  remedies 
are  always  open  to  the  tax-payer  for  testing  the  legality  and  justice  of 
an  assessment,  and  furnishing  his  ultimate  remedy,  yet  the  procedure 
just  outlined  contains  his  usual  safeguards  in  giving  him  one  or  several 

^Exhibit,  Chapter  vii,  Section  (5. 
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of  the  following  privileges :  a  voice  and  a  power  in  the  initiative,  a 
hearing  before  the  administrative  body,  a  review  by  the  assessing 
board,  or  an  appeal  to  some  court  or  to  the  confirming  board.  Where 
"  these  laws  provide  for  a  mode  of  confirming  or  contesting  the  charge 
*  *  *  with  such  notice  to  the  person,  or  such  proceeding  in  re- 
gard to  the  property  as  is  approj)riate  to  the  nature  of  the  case,  the 
judgment  in  such  proceedings  cannot  be  said  to  de^jrive  the  owner  of 
his  propei'ty  'without  due  process  of  law'";i  as  such  provisions 
specifying  details  of  procedure  are  within  the  unquestionable  and  un- 
questioned authority  of  the  Legislature,  and  so,  when  formulated,  are 
a  part  of  the  law  of  the  land. 

9.  Prescribed  Procedure  Musi  Be  Strictly  Followed. — Whatever  be  the 
precise  character  and  nature  of  eachof  the  successive  steps  prescribed, 
in  any  case,  for  making  a  special  assessment,  the  fact  remains  that 
usually  such  statement  of  procedure,  in  the  charter  or  general  laws, 
is  very  complete  and  explicit.  2  In  any  case  it  is  necessary  that  the 
requirements  so  specified  be  exactly  followed  to  secure  legality  in  the 
assessment.  Unimportant  details  would  not  constitute  decisive  irreg- 
ularities; but  any  departure  from  the  prescribed  procedure  at  all 
material  or  important  is  always  held  to  invalidate. 

Interpketation  and  Judicial  Decisions. 

10.  Power  of  Legislature  Paramount. — In  matters  of  taxation  the 
authority  of  the  Legislature,  paramount  within  its  proper  limitations, 
permits  such  a  delegation  of  authority  to  the  municipality  as  it  deems 
best.  Such  delegated  power  may  be  extensive  or  meagre,  generous  or 
restricted  in  the  quality  of  its  provisions,  adequate  to  the  city's  needs 
or  most  circumscribed,  efficient  and  salutary  or  unwieldy  and  insuf- 
ficient. Not  only  this,  but  such  authority  may  be  subsequently 
enlarged  or  restricted,  confirmed  or  recalled,  modified  or  resumed  by 
the  Legislature  whenever  it  deems  it  wise  and  in  whatever  way,  subject 
to  the  restrictions  given  in  Section  1.  Indeed  many  customary 
provisions,  e.  g.,  a  favorable  vote  of  the  people  before  proceeding 
in  certain  cases,  are  discretionary  and  may  be  omitted  if  the  legis- 
lative power  sees  fit.  Where  they  are  not  strictly  of  exclusively 
local  concern  the  Legislature  may  even  coerce  an  unwilling  muni- 
cipality into  making  needed  public  improvements,  e.  g.,  requiring  a 
city  to  lay  out  a  street  without  its  consent  or  vote,  and  obliging  it  to 
issue  bonds  in  payment;'  in  short,  exercising  "  directly  within  the 
locality  any  or  all  of  the  powers  usually  committed  to  a  municipal- 
ity."* Where  the  state  has  special,  restrictive  constitutional  pro- 
visions, a  local  improvement  cannot  be  so  ordered  and  assessed.  5 

'  96  U.  S.,  97,  105.  *  91  U.  S.,  540,  545. 

=  Notice  details  of  Exhibit.  '  51  Cal.,  15. 

M6N.Y.,  401. 
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11.  The  Grant  of  Power  Must  Be  Clear,  and  Be  Stricth/  Followed. — Con- 
fining the  consideration  more  closely  to  sijecial  assessments,  "it  may  be 
considered  a  i)oint  fully  settled  *  *  *  that  the  Legislature  has  the 
constitutional  jjower  to  confer  on  municipal  cori^orations  the  power  of 
assessing  the  cost  of  local  improvements  upon  the  property  benefited. 
*  *  *  It  becomes  a  mere  question  of  expediency  of  which  the 
Legislature  are  the  competent  and  exclusive  judges,  and  not  of  right. "i 
There  being,  then,  no  question  of  the  authority  of  the  state  to 
confer,  either  with  or  without  restriction  or  limitation-  except  con- 
stitutional, there  comes  the  question  of  the  grant  of  this  power.  It  is 
essential  that  authority  to  levy  sj^ecial  assessments  must  be  clearly 
and  plainly  given  by  the  state,  or  imi:)lied  by  being  absolutely  neces- 
sary to  the  exercise  of  a  poAver  expressly  granted,  as  otherwise  the  city 
will  have  no  such  power;  no  equivocal  or  doubtful  implication  will 
suffice.  Similarly  the  extent  of  the  power  is  limited  to  that  clearly 
given,  and  the  mode  of  exercising  it,  as  prescribed,  must  be  care- 
fully followed. 3  The  question  is,  then,  has  the  state  delegated  the 
power  to  make  sj^ecial  assessments  to  the  city,  and  w  ith  what  fulness 
and  what  restrictions  ? 

12.  Legislature  Must  Not  E.vceed  its  Authority. — Although  it  has  been 
frequently  held  that  the  legislative  judgment  shall  stand  almost  to 
extremes,  the  courts  have  lately  shown  a  disposition  to  scrutinize 
more  carefully  the  powers  granted  and  the  efi"ect  of  their  exercise, 
holding  them  more  closely  to  the  limitations  before  given.  ^  As 
where  the  Legislature  declares  that  the  total  cost  of  imijrovement, 
without  regard  to  whether  such  cost  exceeds  the  benefit  conferred  or 
not,  can  be  assessed  upon  property,  the  courts  are  becoming  inclined 
to  consider  such  provisions  arbitrary  and  unjust,  as  far  as  the  excess 
above  benefits  is  concerned,  declaring  that  sxxch  excess  must  be 
borne  by  general  taxation;"'  and  several  courts  have  recently  held 
that,  where  the  provisions  of  the  law  were  of  such  a  nature  as  to 
make  it  legally  imj^ossible  to  apportion  the  burden  with  substantial 
equality  and  justice,  it  is  not  a  lawful  exercise  of  legislative 
power.  6 

13.  Power  of  the  Municipaliti)  is  Restricted. — The  construction  of  the 
powers  as  granted  by  the  Legislature"  fiirnishes  the  measure  of 
power  that  may  be  exercised  by  the  municipality.  Therefore,  while 
the  state's  jjower  is  limited  only  by  the  restrictions  given  at  the  be- 
ginning, that  of  the  city  extends  only  to  the  powers  jjlainly  conferred 
upon  it  by  charter  or  statute.  Neither  can  the  municiiDality  confer 
upon  other  bodies  powers  w^hich  were  intended  for  it  to  exercise,  s 
Nor  can  charter  requirements  be  varied  by  ordinances,  as,  when  a  city 

>  65  Pa..  146,  150.  »  See  Section  16. 

=  7  Bush  (Ky.),  667.  «  34  111..  303. 

^  3  Wash.,  84.  '  See  Section  11. 

*  See  Sections  1  and  « 105  Cal.,  244. 
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charter  makes  the  determination  of  the  size  of  a  city  sewer  a  duty  of 
the  city  council,  the  exercise  of  this  function  by  the  city  engineer  in- 
validates the  assessment.  1  Nor  can  a  city  ratify  proceedings  which 
Avere  illegal  in  the  first  place,  so  as  to  make  them  valid;  the  jiower  of 
legalizing  by  curative  legislation  exists  only  in  the  state  Legislature. 2 
But  for  a  city  that  began  work  on  a  sewer  under  a  defective  ordinance 
which  was  replaced  by  another  ordinance  curing  the  defect  while  con- 
struction was  progressing,  it  was  held  that  the  resulting  tax  bill  was 
valid.  3  A  city  may,  as  a  rule,  alter  or  change  its  system  of  sewer- 
age if  for  the  public  good;^  but  where  an  act  of  the  Legislature 
contemjalates  one  main  with  its  laterals  for  a  district,  the  commis- 
sioners have  no  right  to  substitute  a  system  providing  for  two 
mains  instead.  5  Authority  to  make  local  improvements  by  special 
assessment  does  not  ijermit  assessing  the  cost  of  street  sprinkling;^ 
but  it  may  be  so  assessed  when  statute  permits."  A  city  ordinance 
providing  for  the  assessment  uiDon  property  owners  of  the  expense  of 
street  sprinkling  and  sweeping  is  held  valid  under  the  police  power,  s 

14  Incidental  Powers. — A  given  power  to  pave  includes  jjower  to 
do  all  that  is  necessary,  fitting  or  customary  for  paving;  hence,  trim- 
ming and  guttering  have  been  held  to  be  incident  to  macadamizing ;9 
similarly,  grading,  curbing,  etc  ,  are  incidental  to  paving,  and  so 
may  be  included  in  the  assessment.  10  Further,  charter  authority  to 
a  city  to  repair  and  keep  in  order  its  streets  is  sufficient  to  empower 
it  to  construct  drains  and  sewers  without  more  special  authority;  and 
when  constructed,  the  municipality  will  incidentally  possess  power  to 
pass  ordinances  regulating  their  use."  A  city  authorized  to  construct 
sewers  cannot  be  restrained  from  removing  a  street  railway  from  the 
street,  if  that  is  necessary.  12  A  city  that  permitted  a  gas  company 
(under  contract  based  on  a  valid  consideration)  to  lay  its  pipes  in  the 
streets  does  not  thereby  lose  its  power  to  lower  the  grade  of  the  streets 
subsequently  and  to  remove,  if  necessary,  the  exposed  and  obstruc- 
tive gas  i^ipes  as  nuisances.  The  municipality  and  not  a  court  must 
judge  the  necessity  of  exercising  the  power  to  grade  and  improve  its 
streets,  and  a  city  cannot  alienate  such  power  when  vested  in  it  by  the 
Legislature.  '^ 

lo.  Improvement  Must  be  of  Special  Local  Benefit. — Although  de- 
cisions are  numerous,  logical  and  spread  over  most  of  the  time  that 
local  assessments  have  obtained,  holding  to  the  fundamental  doctrine 
that  to  pay  for  local  improvements  entirely  from  the  general  fund  would 

1  52  JIo..  133.  8  130  Ind.,  382. 

2  36  Cal.,  2.39.  9  22  Iowa.  246. 

3  52  Mo..  348.  "2  Mich.,  560. 

*  38  La.  Ann.,  308.  "  28  Conn..  363. 

»3rN  J.  L.,  51.  '=48Md.,  168. 

*149IU.,  310.  >3ygVa..  810. 
'  41  N.  E.  Rep.  (Ind.),  1  045. 
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be  inequitable, '  yet  it  must  be  remembered  that  the  converse  holds 
true,  such  assessments  being  generally  held  unlawful  "when  there  is  no 
special  benefit  derived  by  the  property  in  question  above  the  general 
benefit  received  by  the  community  at  large.  To  make  the  special 
assessment  valid,  its  jjurpose  and  effect  must  be  to  benefit  the  prop- 
erty in  the  vicinity  of  the  improvement,  and  not  the  public  generally. 
Of  the  cases  upholding  this  well-established  princijile,  one  held  it 
beyond  the  power  of  the  Legislature  to  require  the  owners  of  farm 
lands  lying  within  one  mile  of  a  certain  public  highway  to  pay  for  its 
improvement  by  special  assessments,  because  it  was  a  general  jjublic 
benefit.  2  Again,  a  general  power  to  grade  and  pave  does  not  permit 
a  city  to  grade  and  jjave  a  public  street  for  the  general  benefit,  and 
assess  the  total  cost  ujoon  the  abutting  property. s  "Local  assess- 
ments can  only  be  constitutional  when  imposed  to  pay  for  local  im- 
provements clearly  conferring  special  benefits  on  the  properties 
assessed,  and  to  the  extent  of  those  benefits.  They  cannot  be  so 
imposed  when  the  improvement  is  either  expressed  or  appears  to  be 
for  general  public  benefit.  "^  Again,  "an  ordinance  providing  for  a 
street  improvement,  the  estimated  cost  of  which  exceeded  the  value  of 
the  property  to  be  charged  therewith,  and  which  did  not  enhance  the 
value  of  the  said  property  to  anything  like  the  cost  of  said  improve- 
ment, is  an  unreasonable  exercise  of  the  taxing  power. "5  Where 
it  clearly  appears  that  the  property  is  in  no  way  benefited  by  the 
alleged  improvement,  the  assessment  is  unconstitutional;  its  "en- 
forcement *  *  *  would  be  taking  property  without  due  process 
of  law.  "8 

16.  Assessment  iu  Proportion  to  Benefits. — The  Legislature  has  a  wide 
discretion  in  providing  the  manner  of  determining  benefits,  but  what- 
ever method  is  fixed  upon  must  conform  to  the  principle  of  payment 
according  to  benefits  received.'  "Burdens  in  excess  of  benefits 
*  *  *  must  be  borne  by  general  taxation.  "^  While  this  prin- 
ciple of  payment  according  to  benefits  is  fundamental,  it  is  not  neces- 
sary that  it  be  true  for  every  individual  case.  If  it  holds  broadly 
true  for  the  special  assessment  as  a  whole,  the  fact  thaf  there  may  be 
isolated  exceptions  will  not  invalidate  the  assessment.  Occasional 
exceptions,  perhaps  working  hardship,  cannot  be  always  i^rovided 
against;  and  its  general  justice  ujiholds  it.s  The  same  is  true  where 
an  assessment  district  may  not  include  just  the  iH'operty  especially 
benefited;  of  course  that  must  be  the  intention  and  the  general 
rule,  but  individual  exceptions  will  not  invalidate."  But  the  city 
cannot  purposely,  as  by  contract,    exempt  property  (that  would  be 


'  10  La.  Ann.,  57. 

»  69  Pa.,  352. 

^  48  Md.,  198. 

^  65  Pa.,  14G,  157. 

*33S.  W.  Rep.  (Mo.),  182. 


•'  25  Ore.,   229,  240. 

'  Exhibit,  Chapter  VII,  Sections  2  and  G. 
«  36  N.J.  L.,  291. 
9  12  Colo.,  593. 
">  35  Mich.,  155. 
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subject)  from  the  payment  of  its  proper  proportion. i  A  lot,  though 
below  the  grade  of  a  sewer,  has  to  pay  its  jjortion  of  the  assessment, 
as  it  will  be  benefited  whenever  it  shall  be  filled. 2 

n.  New  Jersey  Intiolvent  Cities. — The  principle  that  the  assessment 
upon  i^roijerty  must  not  exceed  its  exceptional  benefits  is  strongly 
ui^held  in  the  famous  "  Agens  "  case,'  which  resulted  in  involv- 
ing several  New  Jersey  cities  in  insolvency.  In  these  cities,  notably 
in  Elizabeth,  miles  of  i^avement  were  laid  in  the  suburbs  and  in  out- 
lying districts  that  were  not  built  up,  and  the  cost  was  assessed  upon 
abutting  property,  city  bonds  having  meanwhile  been  issued  for  im- 
mediate imyment  of  the  improvements.  Lawsuits  and  delays  over  the 
collection  of  the  assessment  resiilted,  and  proiaerty  values  declined  to 
such  an  extent  that  often  it  was  worth  only  a  fraction  of  the  amount 
levied.  Then  came  the  "Agens"  decision  just  noted,  preventing  the 
cities  from  even  partially  reimbursing  themselves  for  the  improve- 
ment bonds  issued  in  anticipation  of  the  collection  of  the  special 
assessments  now  decreed  invalid.  The  New  Jersey  Legislature  passed 
laws  for  relaying  these  assessments  in  a  constitutional  manner,  but  by 
this  time  the  value  of  the  property  involved  had  decreased  to  so  much 
greater  an  extent  that  the  remedy  was  ineffectual.  The  burden  was 
too  great  to  be  borne,  city  officials  resigned  to  prevent  suits  against 
the  municipalities  involved,  and  for  months  the  collection  of  taxes, 
and  the  usual  city  acts  and  official  duties  dependent  upon  taxation, 
practically  ceased.  Finally  the  State  passed  the  Incumbered  Cities 
Relief  Acts,  which  enabled  them,  after  years  of  the  greatest  disturb- 
ance, to  compromise  their  debts  and  resume  their  i>roper  functions. 

18.  Equality  and  Uniformity  Interpreted. — Though  special  assess- 
ments need  not  be  equal  and  uniform  in  the  sense  that  general  taxes 
are  required  to  be,J  yet  so  far  as  interpreted  that  phrase  has  been 
generally  held  to  mean  that  the  special  assessment  must  be  appor- 
tioned by  some  uniform  principle  securing  an  equality  of  burden 
as  measured  by  the  standard  of  benefits. s  Thus,  while  the  city 
charter  of  Covington,  Ky.,  required  in  the  initiative  a  majority  peti- 
tion for  all  streets,  except  its  main  thoroughfare,  it  was  held  that  the 
taxation  requirement  of  uniformity  applied  to  special  assessments  to 
the  extent  that  a  majority  petition  must  be  secured  for  that  thorough- 
fare also,  although  the  city  chai-ter  expressly  stated  that  it  could 
be  paved,  and  the  cost  assessed  without  any  petition  therefor,  but 
by  unanimous  vote  of  the  council.  ^  So,  too,  while  decisions  favor 
first  the  constitutionality,  and  then  the  unconstitutionality  of  the 
method  requiring  a  property  owner  to  pay  the  exact  and  whole  ex- 
pense of  the  particular  part  of  the  improvement  in  front  of  his  own 

>  69  Tex.,  180.  *  94  Ky.,  396. 

=  7  Cush.  (Mass.),  277.  6  51  Cal.,  15. 

3  37  N.  J.  L.,  415.  6  8  Bush.  (Ky.),  493. 
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projDertT,  the  safer  opinion  seems  to  be  that  sucli  a  pi'ocedure  lacks 
the  uniformity  as  well  as  the  apportionment  required.' 

19.  Principle  of  Apporliomnent. — The  api3ortionment  of  the  assess- 
ment upon  the  proiierty  aftected  may  be  left  to  the  assessors,  but  it  is 
more  generally  placed  by  some  definite  method  formulated  either  by 
the  Legislature  or  by  the  city  council,  the  underlying  princijjle  still 
being  assessment  in  proportion  to  benefits.  If  left  to  the  assessors  it 
is  easy  to  ajjialy,  in  any  case,  the  mode  that  seems  most  effectively  to 
conform  to  the  requirement  just  mentioned;  biit  if  by  some  formulated 
method,  it  is  equally  true  that  the  principle  of  benefits  should  con- 
trol the  determination  of  the  method,  so  that  the  formulated  rule  will 
lead  to  practically  the  same  result.  "  The  only  safe  and  practicable 
course,  and  the  one  which  will  do  equal  justice  to  all  parties,  is  to 
consider  what  will  be  the  influence  of  the  proposed  improvement  on 
the  market  value  of  the  proj^ei-ty;  what  the  projjerty  is  now  fairly 
worth  in  the  market,  and  what  will  be  its  value  when  the  improve- 
ment is  made.  *  *  *  There  can  be  no  justification  for  any  pro- 
ceeding which  charges  the  land  with  an  assessment  greater  than  the 
benefits.  It  is  a  plain  case  of  appropriating  pi'ivate  property  to  jjublic 
uses  without  compensation. "«  Where  the  law  provides  a  sjjecific 
mode  of  apportionment  it  must  be  carefully  followed;  as,  where  the 
statute  i^rovides  for  assessment  on  "  lands  fronting  on  the  street  im- 
proved in  proportion  to  the  benefits  ui:)on  the  proj^erty,"  an  assess- 
ment arbitrarily  proportioned  to  linear  feet  of  frontage  is  invalid. 3 
The  report  of  the  assessors  must  show  distinctly  that  the  assessment  is 
in  proportion  to  benefits;  it  could  not  be  permitted  that  a  jurisdic- 
tional document  of  this  nature  should  sj^eak  in  ambiguous  terms.  ^  A 
report  of  the  majority  is  the  rej^ort  of  the  assessors. 5 

20.  Details  of  Apportionment.  —  Of  the  formulated  methods  of  ajj- 
portioning  the  assessment,  mentioned  in  the  last  preceding  section, 
those  by  amount  of  area  and  by  extent  of  linear  frontage  are  the  most 
used.  These  methods,  when  prescribed,  have  been  upheld  by  the 
courts  except  when  lots  were  of  such  various  size,  depth  or  situation 
as  to  defeat  jjractically  the  benefit  requirement  in  the  frontage  rule;  or 
when  lots  w*ere  so  difierent  in  j^osition  or  condition  as  to  work  practi- 
cally the  same  injustice  under  the  area  rule.  Under  the  latter  method 
a  special  assessment  levied  according  to  area,  but  with  the  corner  lots 
required  to  pay  1b%  additional,  was  declared  unconstitutional.  6  On 
the  other  hand,  when  lands  remote  and  near  were  assessed  equally  it 
was  held  so  arbitrary  and  so  opposed  to  the  benefit  priuciijle  as  to 
make  it  unlawful;"  but  a  similar  assessment  was  held  constitu- 
tional under  the  police  power. »      In  the  case  of  the  frontage  rule, 

'  145  lU.,  313.  »  63  Barb.  (N.  Y.),  572. 

=  Cooley  on  Taxation,  p.  459.  «  12  Bush  (Ky.),  570. 

5  9  Wash.,  466.  '  35  Mich.,  162. 

*  30  Mich.,  24.  »  jo  Coio.,  112. 
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the  same  underlying  principle  (that  of  benefit,  of  which  this  method 
is,  or  should  be,  but  an  index)  is  again  the  test,  and  where  followed 
the  assessment  is  upheld;'  but  cases  are  not  rare  where  courts  have 
declared  them  illegal  simply  because  they  violate  that  principle.  2 
Lots  seiiarated  from  the  improved  street  by  a  railroad  running  par- 
allel to  it  cannot  be  taken  as  fronting  upon  the  street;  and  an  assess- 
ment ui)on  them  by  the  frontage  rule  will  not  hold.  3  Corner  lots, 
having  thus  a  double  frontage,  may  be  properly  assessed  the  total 
amount  determined  by  their  linear  extent  on  both  streets,  where  both 
streets  are  improved;^  though  the  usual  way  is  to  abate  a  certain 
l^ercentage  of  the  assessment  on  one  front,  ^  and  there  are  cases 
where,  when  a  corner  lot  has  its  longer  dimension  abutting  on  the  im- 
l^roved  street  and  its  shorter  dimension  on  another,  it  was  held  that 
the  lot  should  be  deemed  as  fronting  on  the  imjjrovement  only  to 
the  extent  of  its  shorter  dimension ;«  but  the  usual  rule  in  such  cases 
is  that  the  frontage  of  a  corner  lot  is  "  its  frontage  upon  the  improve- 
ment," although  the  condition  of  the  lot  and  its  improvements  make 
its  proper  front  (as  usually  considered  in  other  connections)  on  the 
cross  street."  Further,  charging  benefits  by  frontage,  and  so  as- 
sessing, could  api^ly  only  to  cities  and  towns  where  the  density  of  pop- 
ulation and  the  small  size  of  lots  make  this  a  reasonably  certain  mode 
of  arriving  at  the  true  result;  to  apply  it  to  the  country  and  farmlands 
would  lead  to  inequality  and  injustice,  s  It  is  customary  to  pro- 
vide that  street  railways  shall  i^ay  for  that  part  of  the  imi^rovement 
covered  by  their  tracks ;9  and  where  such  paving  is  made  the  duty 
of  the  street  railway,  its  cost  cannot  be  included  in  the  assessment 
upon  private  property." 

21.  Principles  Affecting  the  Validity  of  the  Levy. — The  confirmation 
of  the  assessment"  by  the  municipal  or  judicial  body  having  such 
authority  is  the  definite  action  which  transforms  the  preliminary  pro- 
cess into  an  accomplished  fact,  definite,  conclusive  and  binding.  If  a 
city  council  refuses  to  act,  it  may  be  compelled  to  do  so  by  mandamus.  12 
A  supreme  essential  in  the  preliminary  i^rocedure  is  that  notice  to 
those  to  be  assessed  must  be  provided  for  at  some  stage  of  the  pro- 
ceeding. ' '  The  law  must  require  notice  to  them  and  give  them  the 
right  to  a  hearing  and  an  opportunity  to  be  heard.  *  *  *  The 
Legislature  may  prescribe  the  kind  of  notice  and  the  mode  in  which  it 
shall  be  given,  but  it  cannot  dispense  with  all  notice.  "13  Of  course, 
these  preliminary  steps  have  their  rules  of  procedure,  specified  gener- 

»  56  N.  J.  L.,  119.  8  69  Pa.,  352. 

»  96  Ga.,  381.  9  97  Cal..  305. 

»  35  Pa.  St.,  75.  ">  144  lU.,  446. 

*  32  Iowa,  271,  '  ^  See  Sections  6  and  7. 

6  140  ni.,  402.  1=  42  Ark.,  152. 

6  50  Ohio.  471.  >3  74  n.  Y.,  183,  188. 

7 131  Mo..  19. 
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ally  by  charter,  that  must  be  faithfully  observed, i  and  a  decision  or 
certificate  of  the  proper  authorities  that  such  has  been  done  is  prima 
facie  evidence  of  compliance,  but  Avhen  not  made  final  and  conclusive 
by  statute,' it  maybe  disproved;-  the  lack  of  such  substantial  com- 
pliance with  the  specified  procedure  makes  the  whole  j^roceeding 
void.  "  The  power  of  taxation,  especially  for  local  improvements,  is 
the  highest  attribute  of  sovereignty.  *  *  *  Such  statutes  must 
be  construed  with  the  greatest  strictness.  "•»  But  in  the  absence  of 
fraud  or  mistake  the  administrative  acts  and  discretionary  decisions 
of  this  board  are  authoritative  and  final;  and  "  the  decision  of  the 
board  *  *  *  is  conclusive."-^  It  is  this  confirmation  and 
levy  that  definitely  brings  the  property  owner  into  the  legal  relation, 
the  city  pre\dously  acting  and  contracting  for  the  improvement,  al- 
though private  property  is  to  pay  for  it.  Such  an  assessment  is  not 
subject  to  counterclaim  or  set-oflf.s  Although  the  proi3erty  owners 
are  not  j^arties  they  may  defend  against  paying  the  assessment  if  there 
has  not  been  a  substantial  performance  of  the  contract;  as,  where  only 
a  iJart  of  the  imi^rovement  has  been  made,  abutting  property  owners 
cannot  be  compelled  to  pay,  even  when  an  allowance  is  made  for  the 
work  not  done."  There  may  also  be  a  successful  defence  if  there  is 
no  possible  benefit  to  the  i^roi^erty ;  as  where  the  owner  of  a  corner  lot 
had  applied  to  the  city  council  for  the  use  of  water  and  had  j^aid  for 
the  pipe  laid  in  consequence  along  one  front  of  his  proijerty,  he  was 
held  not  liable  to  assessment  for  pipe  afterward  laid  along  the  other 
front  without  his  petition.*  If  a  contractor  is  violating  his  contract 
by  doing  the  paving  in  an  imperfect  manner,  a  landowner  (if  the  city 
authorities  unreasonably  refuse  to  take  action)  may  secure  an  injunc- 
tion restraining  the  council  from  paying  for  such  work,  where  the 
landowner  is  liable  to  assessment  for  the  imi^rovement;^  or  such 
landowner  may  maintain  suit  to  enjoin  when  the  work  is  being  done 
Tinder  an  illegal  contract;"  or  he  may  attack  the  assessment  if  it 
is  void."  On  the  other  hand,  defective  work  will  not  ofifer  a  valid 
defense,  when  the  assessment  becomes  due,  against  paying  it;  the 
proper  city  officials  decide  this  question.  The  taxpayer  having  failed 
to  avail  himself  of  his  ojjportunity  to  have  such  charge  reviewed  in  the 
regular  course  jDrovided  by  law,  he  cannot  now  question  the  apjiroval 
of  the  work  by  the  superintendent,  which  he  had  acquiesced  in.  12 
Nor  will  alleged  irregularities  and  failure  to  comply  with  minor  stat- 
utory requirements  invalidate,  unless  facts  are  given  showing  such 
irregularities."     Neither   will   the    fact    that   a  property   owner,  as- 

»  Exhibit,  Chapter  vii.  Sections  9,  11  and  12.  »  86  Pa.  St.,  498. 

2  62  N.  Y.,  457.  9  48  N.  J.  Eq.,  275. 

MHill  (N.  Y.),  76.  10  137  Pa.  St.,  548. 

"  59  Ark.,  344.  362.  '•  43  N.  E.  Rep.  (N.  Y.).  632. 

»  33  Minn..  295,  304.  "  29  Cal.,  75. 

6  39  Cal.,  389.  "  81  Wis.,  326. 

'  14  Bush  (Ky.),  24. 
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sessed  for  tlie  construction  of  a  public  sewer,  liad  previously  con- 
structed a  private  sewer  (sufficient  for  the  needs  of  his  property  and 
with  the  assent  of  the  city)  relieve  him  fi-om  such  assessment,  even 
when  a  municipal  building  had  connected  with  the  private  sewer,  i 
As  a  rule,  a  municipal  corporation  cannot  exercise  its  powers  beyond 
its  own  limits  ;2  but  when  it  is  necessary  to  extend  a  sewer  beyond 
such  limits  in  order  to  obtain  an  outlet,  a  special  assessment  to  include 
this  exiJense  will  stand.  3 

22.  Time  of  Levying  and  Methods  of  Collecting. — -In  most  cities  the  as- 
sessment is  levied  after  the  cost  of  the  improvement  is  known,  the  city 
meanwhile  advancing  funds  (if  necessary)  for  the  prosecution  of  the 
work,  and  securing  reimbursement  upon  the  collection  of  the  assess- 
ment. "Where  there  is  no  legal  difficulty  preventing  it,  this  is  the 
better  way,  as  it  avoids  complications  which  have  troubled  many  cities, 
resulting  in  their  abandonment  of  the  system  of  making  the  assess- 
ment i;pon  the  basis  of  estimated  cost.  Such  estimated  assessment 
was  generally  found  to  be  either  too  great  or  too  small,  necessitating 
either  the  return  of  an  excess  to  the  property  owners  or  a  reassessment 
to  supply  the  deficiency.  While  such  anticipatory  assessment,  rebate 
or  reassessment  has  each  been  judicially  upheld,  the  consequent  diffi- 
culties, complications  and  hardships  have  caused  its  abandonment 
wherever  i^ossible.  It  is  quite  customary  to  provide  that  the  contrac- 
tor shall  depend  solely  upon  the  proceeds  of  the  assessment  for  his 
compensation  ;  and  this  holds,*  unless  the  city  makes  itself  liable 
by  reason  of  default  or  negligence  in  the  proceedings. 3  Many 
cities,  instead  of  anticipating  the  collection  by  the  issue  of  bonds  or 
otherwise,  pay  the  contractor  by  turning  over  to  him  the  special  as- 
sessment bills.  The  contractor  collects  these  bills,  if  necessary  en- 
forcing their  payment,  in  his  own  favor,  by  the  prescribed  legal  pro- 
cedure, e 

23.  Enforcement  of  the  Collection. — It  is  customary  to  make  a  special 
assessment  a  lien  upon  the  proj^erty  assessed,  to  be  enforced  by  sale 
or  other  specified  means  if  necessary.  But  such  assessments  are  not 
liens  unless  they  are  jjlainly  made  so  by  the  charter,  or  unless  the  city 
is  unmistakably  authorized  by  the  Legislatiu-e  to  declare  them  liens. 
But  lands  may  be  sold  for  delinquent  assessment  where  there  is  plain 
authority  so  to  collect."  Assessments  are  also  frequently  declared 
to  be  a  personal  charge  against  the  land-owner,  and  have  been  often 
enforced  as  such,  a  Yet  it  is  difficiilt  to  reconcile  this  proceeding 
with  the  principle  of  benefits  underlying  the  whole  system  of  special 
assessments;    and    there    are    decisions    sustaining   this    objection. » 


1  168  Pa..  105.  6  31  Cal..  ^40. 

2  154  HI.,  23.  '  42  Neb..  186. 

3  138  111.,  295.  8  79  Iowa.  645. 

4  16  Wis.,  271.  9  50  Mo.,  525. 

5  1  Met.  (Ky.),  339. 
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Wliatever  mode  of  enforcing  the  collection  is  specified,  it  is  to  bo 
faithfully  followed,  even  to  the  exclusion  of  others  ;  yet,  where  there 
is  authority  to  assess,  some  adequate  remedy  cannot  be  denied. 
Where  the  mode  of  collection  is  not  specified,  the  assessment  may  be 
enforced  by  due  course  of  judicial  proceedings,  but  not  by  distress 
and  sale  of  the  property  unless  that  is  permitted  by  express  grant  or 
is  necessarily  implied  or  absolutely  essential  to  the  declared  j^urposes.i 
If  money  is  paid  for  an  assessment,  void  on  the  face  of  the  record 
for  want  of  jurisdiction,  it  may  be  recovered  in  an  action  at  law  ;  but 
for  an  assessment  otherwise  illegal  it  cannot  be  recovered  until  the 
assessment  is  set  aside  by  judgment  of  court,  and  such  decree  in  one 
case  will  not  vacate  other  assessments  for  the  same  improvement,  but 
judgment  must  be  secured  for  each.  2 

24.  Glasses  of  Property  Exempt.  —  Federal,  state  or  municij^al  prop- 
erty is  not  subject  to  special  assessment  without  definite  authority  to 
so  assess.  For  examjile,  school  property  has  been  held  not  liable  to 
assessment  for  a  street  improvement, 3  but  the  city  may  be  held  for 
the  amount  ;^  nor  is  a  public  square  subject  to  special  assessment 
without  i^lain  statute  authority;''  nor,  without  such  provision,  are 
streets  crossing  the  imjiroved  street  subject  to  assessment  as  abutting 
property.  6  Such  charges  upon  the  property  of  religious  societies 
(where  they  are  exempted  by  the  state  from  taxation)  have  usually 
"been  held  valid, "  the  reasoning  being  that  special  assessments  are  not 
taxes  within  the  meaning  of  such  exemiDtion  laws;  though  in  one 
case  the  contrary  rule  was  upheld, «  but  the  state  has  since  (1891) 
reversed  its  decision,  j  Further,  a  provision  in  the  charter  of  a 
corporation  exempting  its  pro^jerty  ' '  from  all  taxation  by  state  or 
local  laws  for  any  purpose  whatsoever,"  does  not  exempt  it  from 
local  assessments.  i»  Railroads,  having  a  quasi-public  character, 
involve  the  question  with  more  uncertainty.  In  one  case,  where  the 
federal  government  had  imijortaut  interests  and  definite  connection 
with  the  railroad,  it  was  decided  there  was  no  power  to  tax."  In 
another,  where  the  direct  benefits  to  the  railroad  (from  paving)  were 
uncertain,  it  was  held  that  the  roadbed  was  not  subject  to  the  special 
assessment.  12  Yet  the  better  princijole  and  the  weight  of  judicial 
opinion  holds  that  such  property  is  liable  for  its  proportion  of  the  cost 
of  a  public  improvement,  its  quasi-public  character  securing  for  it  no 
exemption.  13  The  fact  that  the  property  affected  is  a  homestead  does 
not  exemjjt  it  from  assessment,  i^ 

'  25  Iowa,  16.3.  »  76  Ga.,  181. 

2  130  N.  Y.,  401.  9  86  Ga.,  730. 

3  48  Ohio  St..  83.  "  93  Ky.,  89. 

J  35  S.  W.  Rep.  (Ky.),  625.  "  18  Wall.  (U.  S.),  5. 

5  115  Mo.,  557.  "  138  Pa.,  375. 

G  150  III.,  530.  "  35  Atl.  Rep.  (Pa.),  610. 

1  8  Bush  cKy.),  508.  »'  97  Cal.,  305. 
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25.  Reassessments  Valid. — The  power  to  impose  special  assessments 
is  a  continuing  one,  unless  otherwise  specified.  It  is  not  exhausted,  in 
relation  to  any  certain  piece  of  property,  when  one  assessment  has 
been  made  upon  it.  As  where  a  sewer  proved  to  be  a  nuisance  as  at 
first  made,  necessitating  its  continuation  to  a  river,  this  situation  was 
held  to  justify  a  second  assessment  upon  the  same  proijerty.i  There 
may  also  be  a  reassessment  ujion  the  same  property  if  the  first  has 
proved  insufficient,  even  when  there  is  a  final  decree  of  the  court  for- 
bidding the  collection  of  the  original  assessment.  ^  A  void  assess- 
ment does  not  preclude  a  subsequent  valid  one.  3  But  where  there 
was  a  provision  in  the  state  constitution  providing  that  no  law  retro- 
sjjective  in  its  operation  should  be  jjassed,  an  act  of  the  legislature 
authorizing  a  reassessment  was  held  void  under  this  jDrovision.* 

26.  Meassessmenis  for  Renewal. — "When  the  subject  of  reassessment 
for  the  renewal  of  a  public  improvement  is  considered,  there  is  found 
less  unanimity  in  the  decisions.  The  prevailing  opinion  remains 
favorable  to  assess  property  again  to  pay  for  a  renewal,  either  with- 
out restriction,  as  at  first, ^  or  under  restrictions,  such  as  that  of  the 
New  York  City  charter  of  1873,  i^roviding  that  repaving  can  be  assessed 
only  when  the  imj)rovement  has  been  petitioned  for  by  a  majority 
of  the  property  owners,  s  The  only  state  definitely  holding  views 
adverse  to  such  reassessment  is  Pennsylvania,  whose  policy  had  its 
incejjtion  about  the  year  1870.  In  the  judicial  opinion  then  delivered 
the  question  raised  was  the  legality  of  assessing  the  cost  of  repaving 
Broad  Street,  Philadeli^hia,  with  Nicholson  pavement  when  the  ex- 
pense of  paving  it  with  cobble-stone  had  been  jn-eviously  assessed 
upon  the  same  jjroperty.  The  decision  was  opposed  to  the  legality  of 
the  proceeding,  on  the  ground  that  "when  a  street  is  opened  and 
leaved,  thus  assimilated  with  the  rest  of  the  city  and  made  a  part  of  it, 
all  the  ijarticular  and  especial  benefits  to  the  locality  derived  from 
such  improvements  have  been  received  and  enjoyed"."  The  prin- 
cijjle  thus  established  has  been  frequently  reaffirmed  by  the  Pennsyl- 
vania courts,  and  this  remains  the  policy  of  the  state,  even  to  the 
extent  of  not  permitting  the  assessment  of  cost  of  paving  with  asphalt 
when  the  same  street  had  been  previously  macadamized  at  no  expense 
to  the  property  now  levied  upon.*  The  latest  decision  holds  the 
principle  applicable  to  reassessment  for  sewer  construction  as  well. 
The  foil OTving  are  extracts  from  this  recent  decree:  "A  sewer  once 
constructed  gives  to  the  property  owner  every  benefit  and  advantage 
that  a  sewer  gives  him  over  the  general  public.  The  benefits  there- 
after derived,  either  from  repairing  or  reconstructing  the  same, 
are   only  such   as   he  enjoys  in  common  with   the   public.     *     *     * 

1  44  N.  J.  L.,  347.  6  7  Bush  (Ky.),  667. 

a  34  N.  J.  L.,  236.  «  77  N.  Y.,  523. 

3  79  Md.,  469.  »  65  Pa.,  146,  156. 

••  52  Mo.,  133.  8  151  Pa.,  172. 
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There  can  (therefore)  be  no  doubt  that  after  a  public  sewer  is  once 
constriicted,  it  must  be  maintained  and  repaired  at  the  expense  of  the 
public.  The  question  we  are  discussing,  as  applicable  to  paved 
streets,  has  been  thoroughly  settled  by  our  Sui:)reme  Coiirt,  who  have 
repeatedly  held  that  the  payment  of  the  costs  of  the  original  paving 
out  of  the  city  funds  was  immaterial,  and  did  not  change  the  princii^le 
that  a  street  once  paved  could  not  be  repaved  at  the  expense  of  the 
abutting  property  holders,  "i 

27.  Repairs  Paid  for  by  City;  Maintenance  Glauses. — Concerning  the 
maintenance  and  rej^air  of  public  improvements,  decisions  seem  unan- 
imously to  uphold  such  work  at  the  expense  of  the  municipality. 
When  an  improvement  is  once  made,  the  city  must  keep  it  in  repair.  2 
"  Eepairing  streets  is  as  much  a  part  of  the  ordinary  duties  of 
the  municipality — for  the  general  good — as  cleaning,  watching  and 
lighting.  It  would  lead  to  monstrous  inequality  should  such  general 
expenses  be  ijrovided  for  by  local  assessments.  "3  Such  being  the 
rule,  there  arises  the  important  question  of  the  validity  of  maintenance 
clauses  of  contracts  for  public  improvements;  and  the  query  thus 
raised  is  whether  such  a  provision  throws  the  cost  of  repairs  ujion  the 
property  jiaying  the  assessment,  contrary  to  the  established  rule. 
The  decision  of  this  question  is  uncertain,  some  opinions  being  favor- 
able and  some  adverse.  In  Kentucky  (1896)  it  was  held  that,  under 
the  authority  to  assess  the  cost  of  paving,  a  provision  for  maintenance 
for  five  years  at  the  contractor's  exj^ense  cannot  stand,  "  because  such 
provision  increases  the  burden  of  the  property  holders  by  adding  the 
cost  of  rej^airs,  for  which  the  city  itself  is  liable  ";  but  the  assessments 
may  be  enforced  to  the  extent  of  the  actual  cost  of  the  imj^rovement, 
if  maintenance  provision  is  separable.^  California  (1893)  decided  that  a 
contract  requiring  that  the  jiavement  should  be  kept  in  repair  at 
the  contractor's  expense,  for  five  years,  vitiates  the  assessment  even 
if  he  can  testify  that  this  requirement  did  not  enhance  his  bid.  "It 
was  suggested  that  this  requirement  was  intended  as  a  guaranty  that 
the  work  should  be  so  well  done  *  *  *  as  not  to  require  repair's  "; 
but  "the  lot  owner  cannot  be  made  to  jsay  for  such  guaranty. "5 
New  York,  in  1890,  also  decided  a  similar  case  adversely ;«  but,  in 
1892,  its  decision  was  that  where  the  contract  provided  that  the  work 
should  be  done  "  in  such  a  substantial  manner  that  no  repairs  should 
be  required  for  five  years,"  and  in  case  repairs  became  necessary  the 
contractor  should  make  them  without  further  charge,  this  provision  is 
to  be  considered  a  mere  "guarantee  of  the  quality  of  the  work"  and 
so  valid.  ■!  The  Missouri  Sujn'eme  Court,  too,  although  on  this  partic- 
ular   question    at    first    dividing    equally   in    their    opinion    (1895), » 

^  Engineering  Record,  Vol.  xxxv,  p.  178.  6  98  Cal.,  10,  12. 

2  16  N.  Y.  Supp.,  97.  6  56  Hun  (N.  Y.),  81. 

3  65  Pa.,  146,  156.  1  66  Hun  (N.  Y.),  179. 

4  35  S.  "W.  Rep.  (Ky.),  1125.  «  131  Mo.,  27. 
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vet  in  a  later  case  a  majority  holds  a  maintenance  clause  valid  as 
really  being  "but  an  agreement  to  construct  in  the  first  instance 
a  pavement  good  for  five  years,  "i  Illinois  by  a  late  decision^  (1896) 
strongly  approves  the  same  position,  upholding  a  five-year  mainte- 
nance by  considering  it  "  merely  a  warranty  or  guaranty  of  the  fitness 
of  the  material  for  the  use  intended.  "3 

28.  Limitation  (0  a  Fixed  Percentage  of  the  Tax  Valuation  of  Property; 
Default  in  Payments. — Frequently  there  is  a  legal  provision  that  a 
special  assessment  cannot,  in  any  given  case,  exceed  a  certain  percent- 
age of  the  tax  valuation  of  the  proi^erty.  In  the  absence  of  such  re- 
quirement, its  validity  is  not  afi'ected  by  the  fact  that  the  assessment 
is  greater  than  the  tax  valuation  of  the  lots.^  When  there  occurs 
such  a  limitation,  the  assessment  is  "void  as  to  the  excess  only. "5 
Where  the  law  provides  that  the  assessment  on  a  lot  shall  not  exceed 
one-half  its  tax  valuation,  it  was  held  that  the  lot  was  liable  to  this 
maximum  limit  for  each  assessed  work,  although  it  had  been  assessed 
for  other  work  j)reviously  in  the  same  year.B  Probably  the  failure 
at  times  to  collect,  in  many  cities,  a  considerable  proportion  of  local 
assessments  (which  were  depended  upon  to  satisfy  city  bonds  issued 
for  the  improvements)  furnishes  the  best  reason  for  a  restriction  in  the 
amount  that  can  be  levied.  The  cities  of  New  York  and  Brooklyn  are 
pertinent  examples.  In  the  former,  under  the  rule  of  the  "Tweed 
ring,"  extravagant  and  unnecessary  improvements  were  made,  ap- 
parently for  the  purpose  of  personal  gain  to  political  favorites  con- 
tracting. Assessments  beyond  all  reasonableness  and  justice  were 
levied  upon  property,  until,  under  the  excessive  burden,  default  in 
the  payment  of  assessments  due  amounted  (according  to  Eosewater)" 
to  nearly  $8  500  000  in  1880.  The  same  reference  gives  the  deficit  of 
Brooklyn,  for  the  same  date,  as  over  $5  500  000,  which  the  city  comp- 
troller states  resulted  from  ' '  fraudulent  and  unnecessary  local  im- 
provements forced  upon  the  owners  at  a  time  when  labor  and  material 
brought  the  highest  prices;  *  *  *  when  contractors  and  many  city 
ofiicials  became  rich,  while  pro^jerty  owners  and  the  city  became  poor. " 
Among  other  municipalities  wrestling  with  similar  defaults,  the  con- 
dition of  the  cities  mentioned  in  Section  17  furnishes  examples  of  the 
same  tlifficulty  even  more  serious  in  its  results. 

The  Validity  of  Ijipeovement  Bonds. 

29.  Import  and  Governing  Principles. — This  subject,  vital  to  invest- 
ors, is  of  more  than  passing  interest  to  the  engineer,  as  frequently  the 

1  38  S.  W.  Rep.  (Mo.),  458. 

2  161  ni.,  16,  20. 

3  See,  also,  the  last  section  of  Chapter  vii  of  Exhibit. 
•1  74  N.  Y.,  95. 

5  55  Ark.,  148,  149. 

6  99  Cal.,  294. 

t  Columbia  College  Studies  in  History,  Economics  and  Public  Law,  2,  3,  pp.  73-78.      j 
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successful  i:>rosecution  of  public  works  with  which  he  is  connected  de- 
pends directly  ujion  the  validity  of  bonds  issued  for  their  construc- 
tion. Yet  the  subject  can  here  be  considered  onh"  in  a  most  general 
way  because  in  its  entirety  it  extends  over  so  broad  a  field  and  in  its 
details  through  such  extensive  ramifications  and  intricacies  of  gen- 
eral law  and  special  enactment  that  it  would  be  very  inappropri- 
ate to  this  paper.  Considering  the  governing  principles,  it  may 
be  said  in  the  first  place  that  the  constitutional  limitations  given 
in  Section  1  (except  the  fourth  and  eighth)  apply  here  with 
equal  force;  in  fact,  the  fifth  and  sixth  restrictions  are  especially 
applicable  to  this  qiiestion,  safeguarding  private  rights  where 
possibly  selfish  interest  might  otherwise  inflict  injustice.  For 
example,  the  constitutional  clause  providing  that  no  "law  im- 
pairing the  obligation  of  contracts  "  shall  be  passed,  disables  a  city 
from  retaining  out  of  the  interest  of  municipal  bonds,  as  it  becomes 
due,  a  tax  levied  by  the  city  on  such  debt.i  And  the  further  pro- 
vision against  abridging  the  "i^rivileges  and  immunities  of  citizens  " 
was  held  to  debar  a  discriminating  tax  against  non-residents  of  a 
state.  2  Concerning  the  issue  of  such  bonds,  the  essential  elements 
already  givens  as  governing  valid  procedure  in  inaugurating  public 
improvements  hold  also,  in  general,  for  the  legal  issue  of  improvement 
bonds.  The  authority  to  issue  them  must  be  expressly  granted, 
necessarily  implied,  or  absolutely  essential  to  the  purposes  of  the 
municipality  as  declared  by  the  Legislature;  and  the  procedure  speci- 
fied and  the  restrictions  imposed  must  be  faithfully  observed. 

30.  Validation,  Recitals  and  Irregularities. — The  municipality  has  no 
power  to  validate,  but  the  Legislature  may  legalize,  municipal  bonds 
(that  were  invalid  when  issued)  by  its  sanction^  or  even  by  recogni- 
tion made  by  implication.  ••;  A  recital  on  the  bonds,  declaring  that 
conditions  isrecedent  have  been  complied  with,  will  hold  the  citye 
when  made  by  oflScers  authorized  to  so  certify, "  and  when  the  holder 
of  the  bonds  (jjurchased  by  him  for  a  valuable  consideration  before 
due)  has  no  notice  of  irregularity  either  from  its  appearing  on  the 
face  of  the  boudss  or  from  some  public  record  with  notice  of  which 
he  is  affected, 9  even  when  irregularities  exist;  but  an  issue,  illegal 
because  of  such  irregularities,  may  be  ratified  by  the  municipality  if 
it  receives  and  keeps  the  proceeds  of  the  sale,i»  or  if  it  submits  to 
taxation  to  pay  the  obligation,"  thus  holding  the  city  to  the  debt. 
Generally,  however,  where  irregularities  occur,  the  municiiJality  can 
make  a  successful  defence  against  jjayment,  as  the  holdei'S  of  bonds 

•  96  U.  S.,  432.  1  92  U.  S.,  484. 

2  12  WaU.  (U.S.).  418.  8  110  U.  S.,  162. 

3  See  Sections  11  and  1.3.  »  103  U.  S.,  562. 

*  112  U.  S..  261.  "  94  U.  S.,  202. 

5  5  Wall.  (U.  S.),  194.  "  96  U.  S.,  67.5. 

6  107  U.  S.,  529. 
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are  charged  with  a  knowledge  of  the  statutes  aud  other  public  records 
under  which  the  bonds  are  issued i  and  of  the  jjowers  of  the  officers 
issuing  them.  2  Furthermore,  bonds  that  are  absolutely  void  (be- 
caiise  violating  the  constitution  or  statute,  or  for  entire  absence  of 
l^ower  to  issue)  have  no  validity  even  in  the  hands  of  those  purchasing 
iu  good  faith ;^  for  examjjle,  bonds  issued  in  excess  of  the  statutory 
limit  are  absolutely  void  and  cannot  be  recovered  upon.^ 


The  foregoing  legal  discussion  has  been  written  with  the  pur- 
pose of  stating  and  illustrating  governing  le'gal  principles,  the  appre- 
hension of  which  is  essential  to  a  general  discussion  of  special  assess- 
ments. This  Apjiendix  is,  in  no  sense,  an  exhaustive  treatise  extending 
to  details  and  peculiarities  of  the  diiferent  state  laws  and  j)olicies.  In 
any  case,  then,  where  specific  legal  questions  arise  there  should  be 
secured  the  opinion  of  legal  counsel,  and  in  no  investigation  is  this 
more  necessary  than  in  the  difficult  and  intricate  considerations  in- 
volved in  the  determination  ot'  the  validity  of  improvement  bonds. 
Although  legal  questions  are  for  lawyers,  the  legal  principles  govern- 
ing special  assessment  laws  and  procedure  affect  so  vitally  the 
whole  consideration  that  the  interest  and  value  of  this  discussion  to 
the  civil  engineer  would  be  much  curtailed  without  their  incorpora- 
tion. Nor,  without  them,  would  this  paper  have  the  completeness  that 
a  monograph  on  special  assessments  should  have,  and  which  is  here 
especially  desirable  as  the  subject  seems  to  have  received,  heretofore, 
but  scant  attention  outside  of  legal  books  and  none  at  all  in  engineer- 
ing literature,  considering  the  subject  broadly  in  theory  and  practice. 
"While  confining  the  legal  part  of  the  discussion  to  governing  principles, 
it  has  been  the  endeavor  to  make  it  as  adequate  and  compactly  com- 
plete as  jiracticable.  To  this  end  many  standard  legal  works  have 
been  consulted,  the  most  imj^ortant  of  which  are  "  Dillon's  Municipal 
Corijorations,"  "  Cooley  on  Taxation,"  and  "Beach  on  Public  Cor- 
porations." These,  with  the  almost  endless  state  and  federal  Supreme 
Court  reports,  furnish  the  authorities  to  whose  profound  research  the 
author  offers  acknowledgment  of  substantial. aid. 


EXHIBIT. 


The  following  transcript  is  from  the  Charter  of  the  City  of  Mil- 
waukee, 1895.  It  was  originally  framed  in  1874,  but  is  modified  by 
whatever  amendments  have  been  passed  since.  It  thus  has  been 
proved  by  the  experience    of    more   than  a  score  of  years   and  per- 

1  147  U.  S.,  230.  3  105  U.  S.,  667. 

2  111  U.  S.,  83.  4  102  U.  S.,  278. 
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fected  as  has  been  foimd  desirable.  The  author  has  labored  (iu  the 
"Present  Practice  of  Fifty  Cities"  and  "Procedure  in  Their  Levy 
anel  Collection,"  especially),  under  the  necessity  of  giving  methods 
and  principles  in  the  most  general  form  ;  and  it  is  believed  that  it 
will  add  definiteness  and  interest  to  include  j^ertinent  paragraphs 
giving  exactly  the  details  of  procedure  in  a  typical  case.  The  pro- 
visions of  the  charter  of  this  Wisconsin  city  are  thoroughly  illustra- 
tive of  the  practical  rules  under  which  its  own  i^articular  methods 
are  apjjlied ;  and  only  those  portions  that  are  important  and  directly 
pertinent  have  been  incorijorated. 

Chapter  VII. — City  Iiiprovesients  and  Special  Assessments. 

Section  1  provides  for  the  general  control  of  the  board  of  public 
works. 

"Section  2.  The  grading,  graveling  and  planking,  macadamizing 
or  paving  to  the  center  of  any  street  or  alley,  and  the  grading,  gravel- 
ing, macadamizing,  planking,  paving,  sodding  and  curbing  of  any 
sidewalk,  and  the  paving  of  any  gutter,  shall  be  chargeable  to  and 
payable  by  the  lots  fronting  or  abutting  upon  such  street,  alley  or 
gutter,  or  fronting,  abutting  or  adjacent  to  such  sidewalk,  to  the 
amount  which  such  grading,  graveling,  macadamizing,  planking, 
jDaving,  sodding  and  curbing  shall  be  adjudged  by  said  board  to 
benefit  such  lots.  The  exj^ense  of  all  such  improvements  or  work 
across  streets  at  their  intersection  with  streets  and  alleys,  excepting 
sidewalks,  and  the  expense  of  all  such  improvements  or  work  across 
public  grounds,  and  to  the  middle  of  streets  and  alleys  adjacent  to 
public  grounds,  and  the  construction  of  all  cross-walks,  shall  be  paid 
out  of  the  fund  of  the  ward  in  which  such  improvements  are  made  or 
such  works  are  done.  After  a  street,  alley  or  gutter  has  been  con- 
structed to  the  grade  established  by  the  common  council,  and  graveled, 
planked,  paved  or  macadamized  in  compliance  with  the  order  of  the 
proper  city  authorities,  the  expense  of  maintaining,  renewing,  rejsav- 
ing,  keeping  in  repair  and  cleaning  such  street,  alley  or  gutter,  and 
the  pavement  or  other  surface  thereof,  and  of  any  other  subsequent 
improvement  of  such  street,  alley  or  gutter,  shall  be  paid  out  of  the 
fund  of  the  ward  in  which  such  work  is  done  or  such  improvement  is 
made;  jDrovided,  however,  that  when  a  street  or  alley,  which  has  been 
graveled,  planked  or  macadamized,  is  ordered  to  be  paved,  the  ex- 
pense of  such  paving  shall  be  chargeable  to  and  payable  by  the  lots 
fronting  or  abutting  upon  such  street  or  alley  to  the  amount  which 
such  paving  shall  be  adjudged  by  said  board  to  benefit  such  lots  as 
hereinbefore  jirovided  for  the  improvement  of  a  street  or  alley;  and 
further  provided,  that  when  any  change  in  the  grade  of  any  street  or 
alley  shall  be  ordered,  the  expense  of  cutting  or  filling  incurred  by 
such  change  of  grade  shall  be  chargeable  to  and  paid  l)y  the  lots  front- 
ing or  abutting  on  the  street  or  alley  of  which  the  grade  shall  be  so 
changed;  and  provided  further,  that  the  provisions  of  this  section  in 
relation  to  the  maintaining,  renewing,  rejiaving,  keejnng  in  repair 
and  cleaning  of  streets,  alleys  and  gutters  shall  not  apply  to  the  lay- 
ing, relaying,  cleaning,  sodding,  cux-bing,  repairing  or  grading  of 
sidewalks." 
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Sections  3,  4  and  5  concern  assessments  for  canals,  docks  and 
dredging. 

"  Section  6.  Wlienever  the  board  of  public  works  shall  deem  it 
necessary  to  grade  or  otherwise  improve  any  street,  alley,  sidewalk  or 
public  ground,  or  to  erect  and  construct  a  bridge  or  viaduct  over  any 
ravine  in  said  city  of  Milwaukee,  or  to  dredge  or  dock  any  of  the  rivers 
or  of  the  public  canals  after  their  first  construction,  or  to  abate  any 
nuisance  caused  by  stagnant  water  in  said  city,  it  shall  cause  to  be 
made  an  estimate  of  the  cost  of  such  work,  and  shall  put  the  same  on 
file  in  its  oihce,  and  such  estimate  shall  be  open  to  the  inspection  of 
any  party  interested.  Thereuijon  the  said  board  of  public  works  shall 
make  to  the  common  council  such  recommendation  in  relation  to  the 
jjroposed  work  as  it  may  deem  jjroper;  and  upon  the  same  being 
adopted  by  the  common  council,  in  whole  or  in  part,  the  said  board 
may  order  so  much  of  the  work  to  be  done  as  shall  have  been  adopted, 
jsrovided  that  no  change  of  any  previously  established  grade,  and  no 
such  work,  chargeable  to  lots  and  parcels  of  land  fronting  on  or  abut- 
ting on  the  same,  except  the  grading,  graveling  and  paving  of  streets, 
the  paving  of  gutters  and  making  of  sidewalks,  and  except  rei^aii's, 
and  docking  and  dredging,  shall  be  oi'dered  by  resolution,  ordinance 
or  otherwise,  unless  a  petition  therefor  shall  first  be  i^resented  to  the 
common  council,  signed  by  residents  of  said  city  owning  a  majority 
of  the  feet  in  front  of  ail  the  lots  fronting  upon  such  proposed  im- 
provements, owned  by  residents  of  such  city,  and  for  that  purpose, 
every  person  in  the  actual  possession  of  any  lot  or  jjarcel  of  land  front- 
ing upon  such  improvements,  under  contract  in  force  for  the  purchase 
thereof  from  the  owner,  shall  be  held  to  be  a  freeholder  within  the 
meaning  of  this  act,  and  to  be  the  owner  of  such  real  estate  for  the 
l^urpose  of  petitioning  as  the  owner  thereof.  Each  person  signing 
such  petition  as  a  resident  or  as  the  owner  of  projjerty,  shall  be  required 
to  write  after  his  signature  thereto  a  brief  description  of  the  property 
so  owned  by  him,  and  of  the  place  of  his  residence  in  said  city,  and  to 
annex  thereto  an  affidavit  that  he  is  such  resident  and  owner,  and  there- 
upon he  shall  be  taken  to  be  such  resident  and  owner,  and  such  peti- 
tion shall  be  as  valid  and  have  the  same  effect  as  if  such  person  were 
the  owner  of  such  property,  and  a  resident  of  the  city  or  ward,  as  stated 
in  his  affidavit,  although  in  fact  it  should  thereafter  ajjpear  that  he 
was  not  such  owner  or  resident.  The  common  council  may  order  the 
grading,  graveling  and  paving  of  streets  and  alleys,  the  paving  of  gut- 
ters and  the  making  of  sidewalks,  without  such  petition,  provided, 
however,  that  in  the  absence  of  such  petition,  the  resolution  of  the 
common  council  ordering  the  work  shall  have  been  referred  by  the 
council  to  a  special  committee  of  five  members,  no  one  of  whom  shall 
be  a  resident  of  the  ward  or  any  ward  in  which  the  grading,  graveling 
or  paving  of  streets,  alleys  or  gutters,  or  the  making  of  sidewalks, 
mentioned  in  the  resolution  is  proposed  to  be  done,  and  shall  have 
been  reported  by  such  committee  to  the  common  council  with  their 
recommendation  that  it  be  adopted,  before  a  vote  shall  be  taken  upon 
its  adojition,  and  provided  such  resolution  shall  declare  why  it  is 
necessary  for  the  public  interest  to  proceed  without  such  petition,  and 
shall  also  upon  its  passage  be  supported  by  the  votes  of  three-fourths 
of  all  the  aldermen  elected,  and  of  a  majority  of  the  aldermen  of  the 
ward  or  of  each  ward  in  which  such  grading,  graveling  or  jjaving,  or 
making  of  sidewalks,  is  to  be  done;  and  provided,  further,  that  no  such 
resolution  ordering  the  grading,  graveling  or  paving  of  a  street  or 
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streets  or  alley,  the  paving  of  gutters  or  the  making  of  sidewalks,  -with- 
out a  petition  therefor  shall  be  voted  upon  or  jjassed  at  any  meeting 
of  the  common  council  held  within  four  weeks  fi'om  the  time  of  its 
presentation  to  the  council,  and  the  vote  on  its  passage  shall  l)e  taken 
by  yeas  and  naj^s,  and  duly  entered  in  the  journal  of  proceedings. 
Provided  further,  that  Avhenever  the  board  of  public  works  shall  deem 
it  necessary  to  pave  or  otherwise  improve  any  street,  alley  or  gutter, 
or  any  part  of  any  street,  alley  or  gutter,  after  the  same  has  been  once 
constructed  to  the  grade  established  by  the  common  council,  and 
graveled,  planked,  paved  or  macadamized,  the  expense  of  maintaining, 
renewing,  repairing  or  repaving  whereof  shall  be  a  lawful  and  j^roper 
charge  against  the  funds  of  the  ward,  in  which  such  street,  alley  or 
gutter  is  situated,  and  a  majority  of  the  residents  of  the  said  city  of 
Milwaukee  owning  a  majority  of  the  feet  in  iront  of  all  the  lots,  front- 
ing on  such  proposed  improvement,  owned  by  residents  of  such  city, 
shall  file  a  petition  with  the  said  boai-d,  for  any  pavement  or  other 
improvement  deemed  by  said  board  to  cost  more  than  the  estimate 
made  by  the  board,  of  the  cost  of  improving  said  street,  alley  or 
gutter,  said  cost  to  be  determined  by  said  board,  it  shall  be  the  duty 
of  said  board  and  of  the  common  council  to  grant  the  request  of  siich 
jjetition,  and  to  proceed  to  repave,  or  otherwise  imjirove,  said  street, 
alley  or  gutter,  or  any  part  thereof,  named  in  said  petition,  according 
to  the  prayer  of  the  petition,  in  the  same  manner  as  said  board  and 
council  are  now  required  to  maintain,  renew,  repair  or  rejiave  any  such 
street,  alley  or  gutter;  provided  however,  that  all  cost  and  expense  of 
such  repavement,  or  other  improvement,  in  case  of  such  jjetition,  in 
excess  of  the  estimated  cost  of  the  work,  made  and  filed  in  the  office  of 
the  board  of  public  works,  for  the  improvement  of  said  street,  alley  or 
gutter,  or  part  thereof,  shall  be  chargeable  to,  and  be  made  payable 
by,  the  lots  fronting  or  abutting  iipon  such  street,  alley  or  gutter,  or 
part  thereof,  such  excess  to  be  apportioned  by  such  board  to  said  lots 
respectively,  in  proportion  to  the  benefits  adjudged  by  said  board  to 
have  been  conferred  by  said  rejiavement.  or  other  imjjrovement,  in  the 
same  manner  that  the  original  improvement  of  streets,  alleys  and  gut 
ters  are  now  lawfully  chargeable  to,  and  made  payable  by  such  lots; 
provided  further,  that  the  petition  for  such  repavement,  or  other  im- 
provement, required  in  this  act,  as  a  condition  of  increased  cost,  shall, 
as  to  form,  qualification  of  petitioners  and  otherwise,  conform  to  the 
requirements  in  case  of  petitions  for  other  work  chargeable  to  lots, 
and  requiring  a  petition  therefor,  as  provided  in  said  Section  20, 
Chajiter  324,  Laws  of  1882,  of  which  section  this  act  is  in  part  amend- 
atory." 

"Section  7.  Befoi'e  ordering  any  work  to  be  done  by  the  owners  of 
lots  or  lands  fronting  on  the  same,  said  board  shall  view  the  premises, 
and  consider  the  amount  proposed  to  be  made  chargeable  against  said 
several  lots  or  jjieces  of  land,  and  the  benefits  which,  in  their  oinnion, 
will  actually  accrue  to  the  owner  of  the  same  in  consequence  of  such 
improvement,  and  shall  assess  against  the  several  lots  or  pieces  of  lands, 
or  i^arts  of  lots  or  jjieces  of  lands,  which  they  may  deem  benefited  by 
the  proposed  improvement,  the  amount  of  such  benefit  which  those 
lots  or  pieces  of  land  will  severally,  in  the  opinion  of  said  board,  de- 
rive from  such  improvement  when  completed  in  the  manner  contem- 
plated in  the  estimate  of  the  cost  of  such  woi'k,  made  as  provided  by 
section  six  of  this  chapter,  taking  into  consideration  in  each  case  any 
injury  which  in  the  opinion  of  the  board,  may  result  to  each  lot  or 
piece  of  land  from  such  imjirovement;  and  in  case  the  benefits,  in  their 
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opinion,  amount  to  less  than  the  cost  of  the  improvement,  the  balance 
shall  be  paid  ont  of  the  ward  fund  of  the  ward  or  wards  in  which  such 
imi>rovement  is  made;  and  said  board  shall  endorse  their  decision  and 
assessment  in  every  case  on  the  estimate  of  the  cost  of  such  improve- 
ment tiled  in  their  office. " 

Section  8  provides  for  damages  resulting  from  the  change  of  an 
established  grade. 

"  Section  9.  As  soon  as  any  assessment  of  benefits  or  damages,  or 
both,  shall  be  made,  as  in  the  preceding  sections  of  this  chapter  pro- 
vided, the  said  board  shall  give  notice  to  all  parties  interested,  by 
advertisement  for  not  less  than  four  days  in  the  official  papers  of  the 
said  city,  that  such  assessment  has  been  made  and  is  ready  for  inspec- 
tion in  its  office,  and  that  the  same  will  be  open  for  review  and  correc- 
tion by  the  said  board,  at  its  office,  for  not  less  than  four  days  after 
the  first  publication  of  such  notice  during  certain  hours,  not  less  than 
two  hours  of  each  lay  day,  and  that  all  persons  interested  will  be 
heard  by  said  board  in  objection  to  such  assessment,  and  generally,  in 
the  niatter  of  such  review  and  correction.  It  shall  be  sufficient  to 
state  in  such  notice,  in  brief,  what  such  assessment  has  been  made  for, 
and  in  what  locality,  and  no  further  notice  or  publication  of  such 
assessment  shall  be  necessary.  During  the  time  mentioned  in  such 
notice,  the  said  board  shall  hear  objections  and  evidence,  and  they 
shall  have  power  to  review,  modify  and  correct  such  assessment,  in 
such  manner  as  they  shall  deem  just,  at  any  time  during  such  review, 
and  for  three  days  thereafter  ;  and  thereupon  said  board  shall  endorse 
such  corrected  and  completed  assessment  upon  or  annex  the  same  to 
the  estimate  of  the  cost  of  such  improvement,  made  and  filed  in  its 
office,  as  provided  in  section  6,  of  this  chapter,  and  shall  file  a  dupli- 
cate of  such  estimate  and  assessment  in  the  office  of  the  city  clerk, 
who  shall  lay  the  same  before  the  common  council  at  its  next  meeting  ; 
and  thereupon  the  common  council  may  confirm  or  correct  said  as- 
sessments, or  any  of  them,  or  may  refer  the  same  back  to  the  board  of 
public  woi'ks  for  revision  and  correction  ;  and  the  said  common  coun- 
cil, and  the  said  board  of  public  works  shall  respectively  have  the 
like  ijowers,  and  i5erform  the  like  duties,  in  relation  to  such  assess- 
ment, and  any  subsequent  assessment  made  pursuant  to  such  reference 
by  the  common  council,  as  are  prescribed  and  conferred  in  relation  to 
the  first  assessment.'' 

"  Section  10.  Thereupon,  as  soon  as  the  common  council  shall  have 
confirmed  such  assessments  of  benefits  and  damages,  the  said  board 
shall  enter  into  a  contract  for  the  doing  of  the  same,  as  hereinbefore 
provided.  Such  contract  shall  require  the  contractor  to  receive  certi- 
ficates upon  or  against  the  several  lots,  parts  of  lots,  or  parcels  of 
land,  which  may  be  assessed  with  benefits  on  account  of  the  same,  to 
apply  in  payment  of  the  contract  price,  as  now  provided  by  law  ;  pro- 
vided that  in  any  case  where  the  contract  ijrice  of  the  work  to  the 
center  of  the  sti-eet  or  alley,  done  oi^ijosite  to  any  lot  or  j^arcel  of 
ground,  shall  exceed  the  benefits  assessed  to  such  lot,  the  excess  shall 
be  paid  out  of  the  ward  fiiud  of  the  ward  iu  w'hich  such  lot,  part  of 
lot  or  parcel  of  land  shall  be  situated. " 

"Section  11.  The  owner  of  any  lot,  or  tract  of  land,  or  tenement, 
"who  feels  himself  aggrieved  by  such  assessment,  as  confirmed  by  the 
common  council,  as  to  the  amount   of  benefits  thereby  adjudged  to 
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accrue  to  liim  by  reason  of  any  improvements  charged  against  his  lot 
or  parcel  of  land,  or  the  amoimt  of  damages,  costs  and  charges,  arising 
to  such  owner  from  an  alteration  of  grade,  may,  within  twenty  days 
after  such  confirmation  by  the  common  council,  aijpeal  therefrom  to 
the  circuit  court  of  Milwaukee  county.  *  *  *  Such  appeal  shall 
not  affect  the  rights  of  the  contractor,  or  the  proceedings  in  reference 
to  his  contract,  but  the  certificate  against  the  lot  or  parcel  of  land  in 
question,  shall  be  given  as  if  no  appeal  had  been  taken  ;  and  in  case 
the  aj^pellant  shall  succeed,  the  difference  between  the  amount  charged 
in  the  certificate  and  the  amount  of  the  benefit  finally  adjudged,  shall 
be  paid  by  the  city  out  of  the  proper  ward  fund,  to  the  appellant,  but 
not  until  he  shall  have  done  the  work  in  question,  or  have  paid  the 
certificate  issued  for  doing  the  same."     *     *     * 

"Section  12.  The  appeal  given  by  the  last  preceding  section, 
from  the  assessment  of  the  board  of  public  works,  as  confirmed  by  the 
common  council,  to  the  said  circuit  court,  shall  be  the  only  remedy 
for  the  recovery  of  any  damages,  costs  and  charges  arising  from  any 
alteration  of  grade  by  the  said  city,  or  sustained  by  reason  of  any  pro- 
ceedings or  acts  of  the  said  city  or  its  ofiicers,  in  the  matter  to  which 
such  assessment  of  damages  or  benefits  relates  ;  and  no  action  at  law 
shall  be  maintained  for  such  damages  or  injuries,  whether  arising  from 
an  alteration  of  grade  or  otherwise." 

Sections  13,  14,  15,  16,  17,  18,  19,  20  and  21  concern  minor  details 
of  certificates  for  work  done,  cleaning,  repair,  nuisances,  etc. 

"  Section  22.  Whenever  a  petition  shall  be  presented  to  the  com- 
mon council,  signed  by  a  majority  of  the  owners  of  lots  or  parcels  of 
land,  fronting  or  abutting  on  any  street,  or  part  of  a  street,  actually 
residing  on  such  lots,  or  parcels  of  land,  and  ajoproved  by  a  majority 
of  the  aldermen  of  the  ward  or  wards  in  which  such  street  or  jjart  of 
such  street  shall  be  located  requesting  such  or  part  of  such  street  to 
be  sprinkled,  the  common  council  shall  order  the  board  of  piiblic 
works  to  advertise  for  sealed  proposals  for  sjirinkling  such  street  or 
part  of  such  street.  Such  advertisement  shall  be  published  for  at 
least  six  days  in  the  official  city  papers,  and  shall  state  the  street  or 
part  of  the  street  to  be  sprinkled,  and  for  what  length  of  time.  All 
contracts  shall  be  awarded  by  said  board  to  the  lowest  bidder  in  com- 
pliance with  the  jjrovisions  of  section  ten  of  chapter  five  of  this  act, 
and  shall  be  expressly  subject  to  the  powers  given  to  said  board  by 
said  chapter." 

"  Section  23.  The  board  of  public  works  shall  assess  against  the 
several  lots,  parts  of  lots  or  j^arcels  of  land,  fronting  or  alnitting  on 
such  street,  or  part  of  such  street,  the  cost  of  sprinkling  such  street, 
or  part  of  such  street  in  front  of  such  lots,  jjarts  of  lots,  or  parcels  of 
land.  The  cost  of  sprinkling  such  street,  or  part  of  such  street,  at  its 
intersection  with  streets  and  alleys,  and  across  public  grounds,  and  to 
the  middle  of  such  street,  adjacent  to  piiblic  grounds,  shall  Ije  jjaid 
out  of  the  fund  of  the  ward  in  which  such  work  is  done." 

"  Section  24.  After  the  completion  and  performance  of  any  con- 
tract for  sprinkling,  entered  into  by  the  board  of  iiublic  works  for 
work  chargeable  to  lots  or  lands  fronting  on  streets  or  alleys  upon 
which  such  work  has  been  done,  the  cost  of  such  work  shall  in  the 
first  place  be  paid  out  of  the  ward  fund  of  the  proper  ward. 

"It  shall  be  the  duty  of  the  said  board  to  keep  a  strict  account  of 
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the  cost  of  siiela  work  done  in  front  of  sueli  lot  or  jjareel  of  land,  and 
report  to  the  city  comptroller  on  the  completion  of  each  such  contract, 
stating  and  certifying  the  descrii)tion  of  the  lots,  parts  of  lots  or 
parcels  of  land,  in  front  of  which,  work  chargeable  thereto  under  such 
contract,  has  been  done,  and  the  amount  chargeable  to  each  such 
piece  of  property,  and  the  said  comi)troller  shall,  at  the  time  of  mak- 
ing his  anniial  rejiort  to  the  common  council  of  the  lots  or  j^arcels  of 
land  subject  to  special  tax,  or  assessment,  include  therein  the  said 
lots  or  pai'cels  of  land  so  reported  to  him  by  said  board  of  public 
works,  with  the  amount  chargeable  thereto  for  sprinkling,  done  under 
such  contracts,  during  the  preceding  year;  and  such  amounts  shall 
be  levied  on  the  lots  or  j)arcels  of  land,  resi^ectively,  to  which  they 
are  so  chargeable,  in  like  manner  as  other  special  taxes  are  levied  in 
said  city,  and  when  collected  the  same  shall  be  credited  to  the  ward 
fund  in  which  such  property  is  situated." 

The  remaining  sections  of  the  chapiter  contain,  among  other  things, 
provisions  permitting  lot  owners  (who  agree  to  waive  irregularities 
that  may  occur  in  the  assessment)  to  apply  to  the  board  of  ijublic 
works  for  permission  to  pay  such  assessment  in  anuiial  installments 
(extending  over  a  period  of  from  five  to  ten  years)  instead  of  at  once, 
in  which  case  "  strest  improvement  bonds  "  are  issued  against  the  lots 
petitioning,  which  the  contractor  binds  himself  to  accept  in  payment 
for  his  work,  and  which  are  first  liens.  These  installments  are  entered 
upon  the  ainual  tax  roll  insteal  of  the  total  amount  as  is  otherwise 
done,  but  the  landowner  has  still  the  jDrivilege  of  paying  at  any  time 
the  total  amount  still  dae,  with  accrued  interest.  Another  provision 
is  as  follows: 

"No  special  assessment  or  certificate  thereof  or  tax  sale  certificate 
based  thereon  shall  be  held  to  be  invalid  for  the  reason  that  any  con- 
tract which  has  been  heretofore  or  may  hereafter  be  let,  contains  on 
the  part  of  the  contractor  a  guarantee  or  any  provision  to  keep  the 
work  done  under  such  contract  in  good  order  or  repair  for  a  limited 
number  of  years,  when  such  guaranty  or  jirovision  was  inserted 
therein  for  the  jjurpose  of  insuring  the  j^roper  performance  of  such 
work  in  the  first  instance.  All  such  provisions  in  contracts  for  doing 
public  work,  inserted  for  the  purpose  aforesaid,  are  hereby  legalized, 
and  all  such  provisions  shall  be  deemed  prima  facia  to  have  been  in- 
serted for  that  purpose,  unless  the  time  during  which  the  contractor 
is  required  to  keep  the  work  in  good  order  or  repair  shall  exceed  five 
years." 

Chapter  VIII.     Sewees. 

Sections  1,  2  and  3  provide  for  sewerage  districts,  plans  and 
diagrams,  and  publication  of  notice  and  hearing  of  objections. 

"  Section  4.  The  said  board  may  reconsider  and  modify  said  plan, 
and  at  the  expiration  of  ten  days  after  the  time  such  notice  shall  have 
been  given  to  said  resident  freeholders  of  the  district,  shall  report 
such  plan  to  the  common  council  for  its  approval." 

"Sections.  The  common  council  shall  take  such  plan  into  con- 
sideration,   and    within   thirty    days   after   receiving  the  same,  shall 
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return  it  to  the  board  approved;  or  if  objected  to,  with  a  statement  in 
-writing  of  such  objections,  or  of  any  alteration  or  improvements 
thereof  which  thev  may  deem  desirable." 

"Section  6.  The  said  board  may,  on  return  of  such  plan  by  the 
common  council,  modify  or  change  the  same  in  accordance  with  the 
suggestions  of  the  common  council,  or  may  jirepare  a  different  i^lan, 
which  shall  be  again  submitted  to  the  common  council,  and  may 
generally  modify  and  change  their  action  in  the  j^remises,  until  a 
plan  shall  be  mutually  agreed  upon  by  the  board  and  common  coun- 
cil; provided,  that  no'  plan  shall  take  effect  until  approved  by  the 
common  council,  and  no  plan  thus  approved  shall  be  deviated  from 
excejit  by  consent  of  the  common  council;  and  provided  further,  that 
sewers  may  be  ordered  and  constructed  in  any  district  without  the 
plans  of  such  district  being  completed  in  their  whole  extent  and  all 
their  details." 

Sections  7  and  8  require  the  board  of  public  works  to  report  an- 
nually the  sewers  necessary,  etc.,  and  cover  the  details  of  letting  the 
contract. 

"  Section  9.  Such  contracts  shall  require  the  contractor  to  receive 
as  payment  for  so  much  of  the  work  as  has  been  assessed  against  the 
lots  opposite  to  the  front  of  which  any  sewer  shall  extend,  certificates 
against  such  lots  respectively;  and  the  residue  of  such  contract  shall 
be  paid  out  of  the  proceeds  of  the  general  sewerage  tax,  to  be  levied 
on  the  real  estate  and  iiersonal  property  within  the  sewerage  district, 
by  the  common  council,  on  the  recommendation  of  the  board  of  pub- 
lic works." 

"  Section  10.  After  any  contract  for  work,  under  this  act,  to  be  jjaid 
for  in  whole  or  in  part  by  special  assessments,  shall  have  been  entered 
into,  the  board  of  public  works  shall  make,  or  cause  to  be  made,  an 
assessment  against  all  lots,  jjarts  of  lots  and  parcels  of  land,  fronting 
or  abutting  on  the  work  so  contracted  to  be  done,  on  each  side  of  the 
same  for  its  whole  length,  and  which  have  not  before  been  so  assessed 
for  sewerage  purposes,  at  the  rate  of  eighty  cents  per  lineal  foot  of  the 
whole  frontage  of  each  lot,  part  of  lot  or  lots,  or  i^arcel  of  land,  front- 
ing or  abutting  on  either  side  of  such  sewer,  except  corner  lots,  which 
shall  be  assessed  therefor  as  follows:  corner  lots  not  subdivided  in 
ownershii^  and  subdivisions  of  corner  lots,  constituting  the  actual 
corner  of  corner  lots  subdivided  in  ownership,  shall  be  entitled  to 
deduction  in  making  such  assessment,  of  one-third  from  the  aggregate 
of  the  street  lines  of  such  corner  lots,  or  corner  subdivisions  thereof, 
on  all  the  streets  in  front  thereof;  such  deduction  to  be  made  in  the 
assessment  of  the  longest  street  line  of  such  corner  lots,  or  corner  sub- 
divisions thereof,  or  in  case  of  equal  street  lines  thereof,  in  the  assess- 
ment for  the  second  sewer  to  which  they  are  liable;  provided,  however, 
that  when  the  actual  cost  of  any  sewer  shall  be  less  than  one  dollar 
and  sixty  cents  per  lineal  foot,  then,  and  in  that  case,  the  assessment 
shall  be  for  the  actual  cost  of  such  sewer  per  lineal  foot,  one-half 
thereof  to  be  chargealde  against  the  property  fronting  or  abutting 
thereon,  on  each  side  thereof.  Whenever  any  lot  which,  as  originally 
platted,  fronts  or  abuts  on  any  sewer,  is  subdivided,  and  the  sub- 
divisions thereof  are  owned  by  different  persons,  no  subdivision  of 
such  lot,  not  fronting  or  abutting  on  such  sewer,  and  not  owned  by 
the  same  j^erson  who  owns  the  subdivision  fronting  or  abutting  on 
such  sewer,  shall  be  assessed  for  the  cost  of  such  sewer. " 
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Section  11  concerns  ftirtlier  details  of  subdivisions. 

"Section  12.  The  cost  of  all  sewers  in  street  and  alley  crossings, 
and  of  all  sewers,  in  excess  of  one  dollar  and  sixty  cents  jier  lineal 
foot,  cliargeable  to  lots  and  lands,  as  provided  for  in  section  ten  of 
this  chapter — -of  all  catch  basins  for  receiving  the  Avater  from  the 
glitters,  and  of  the  overflow  pipes  connecting  them  with  the  sewers — 
of  all  temporary  catch  basins — and  of  the  repairing  and  cleaning  of 
sewers — and  all  expenditures  for  temporary  work  necessary  to  carry 
out  the  system  of  sewerage  herein  provided,  and  all  costs  for  con- 
structing sewers,  not  provided  for  by  special  assessment,  shall  be  jjaid 
out  of  the  fund  of  the  jaroper  sewerage  district;  and  all  cleaning  and 
repairing  of  sewers  and  catch  basins,  and  all  temporary  work  neces- 
sary to  be  done  as  above  stated,  shall  be  done  by  the  authority  of  the 
board  of  public  works,  as  may  be  necessary." 

"Section  13.  The  board  of  public  works  shall  report  to  the  com- 
mon council,  on  or  before  the  15th  day  of  December  in  each  year,  as 
accurately  as  may  be,  the  amount  of  money  required  for  sewerage 
purposes  for  the  ensuing  year,  in  each  district,  in  addition  to  the 
special  assessments  made;  and  the  common  council  are  hereby  author- 
ized to  direct  the  levy  and  collection  of  a  tax  for  sewerage  purj)Oses  in 
each  district,  for  such  amount  as  may  be  necessary,  not,  however,  to 
exceed  in  any  one  year  the  sum  of  one  and  one-half  mills  on  the 
dollar,  on  all  the  ijroperty,  real  and  personal,  subject  to  taxation 
within  any  such  sewerage  district;  which  tax,  so  levied,  shall,  when  col- 
lected, be  i^aid  into  the  city  treasury,  and  be  i^laced  in  the  fund  of 
the  sewerage  district  in  which  the  same  has  been  collected;  and  the 
city  comptroller  is  hereby  directed  and  required  to  keep  a  separate 
and  distinct  account  with  each  sewerage  district.  The  tax  to  be  levied 
under  the  jarovisions  of  this  section  may  be  added  on  the  tax  roll  to 
the  general  city  tax  assessed  against  such  property." 

The  remaining  sections  of  the  chapter  concern  minor  details. 

Chapter  X. — Watek-Wokks. 

Sections  1,  2,  3,  4,  5  and  6  conc3rn  the  control  of  the  water-works 
by  the  board  of  public  works  in  general  matters. 

"Section?.  There  is  hereby  created  for  the  said  city  a  separate 
fund,  to  be  called  the  water  fund.  There  shall  belong  to  such  fund 
all  bonds  and  proceeds  thereof,  authorized  by  law  to  be  issued  for  the 
construction  of  the  said  water- works,  all  proceeds  of  all  taxes  levied 
for  the  construction  of  the  said  water-works,  all  water  rates  assessed 
and  collected  for  water  proceeding  from  such  water-works, — and  all 
other  proceeds,  revenue  and  income  of  said  water-works,  and  all  other 
moneys  and  property  in  any  way  derived  by  the  said  city  in  aid  of  the 
said  water- works,  or  appropriated  by  the  said  common  council  toward 
the  same;  and  the  said  fund  is  hereby  exclusively  devoted  and  ap- 
propriated to  the  construction  and  maintenance  of  the  said  water- 
works,— and  to  the  j^ayment  of  said  water  bonds,  until  the  said  works 
shall  be  wholly  completed  and  the  said  bonds  wholly  paid.  Said 
water  fund  shall  be  kept  in  the  city  treasury  in  the  custody  of  the  city 
treasurer,  and  shall  be  disbursed  by  him  on  vouchers  drawn  for  the 
same  in  the  manner  jjrovided  in  this  act;  and  said  city  treasurer  and 
the  sureties  on  his  official  bond  shall  be  liable  for  the  safe  keei^ing 
and  disbursement  thereof.     It  shall  be  the  duty  of  the  treasurer  of 
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said  board  of  water  commissioners  to  submit  liis  account  of  the  water 
funds  in  his  hands  on  the  first  day  of  January,  1875,  or  at  such  time 
as  the  water-woi'ks  shall  be  surrendered,  as  provided  in  section  one  of 
this  chapter,  and  to  settle  and  adjust  such  accounts  with  the  city 
comptroller,  and  to  pay  over  any  balance  remaining  in  his  hands  on 
that  day  to  the  city  treasurer,  to  the  credit  of  the  water  fund. " 

Sections  8,  9,  10, 11, 12,  13  and  14  provide  for  rules  and  regulations, 
reports,  jirotective  ordinances,  and  making  the  water  rates  collectable 
"  in  the  same  manner  as  other  taxes  on  real  estate  are  collected." 

"Section  15.  The  board  of  jjublic  works  for  the  city  of  Milwau- 
kee, before  laying  water  pipe  along  a  street,  alley,  or  other  line  ia  said 
city,  shall  assess  against  the  several  lots,  pai-ts  of  lots  or  parcels  of 
land  which  may  front  or  abut  on  the  proposed  line  of  water  i^ipe,  or 
which  may  be  contiguous  to  and  used  in  connection  with  any  lot  or 
parcel  of  land  so  fronting  and  abutting,  the  amounts  which  the  said 
several  lots,  jiarts  of  lots  or  parcels  of  land  may,  in  the  judgment  of 
the  said  board,  be  specially  benefited  l)y  reason  of  laying  such  water 
pijje,  not  to  exceed,  however,  the  amount  prescribed  in  the  next  sec- 
tion; provided,  that  no  lot,  parcel  of  land  or  part  thereof,  shall  be 
subjected  to  the  j^ayment  of  more  than  one  assessment  for  water  pipe 
laid  in  the  same  street  or  alley." 

"  Section  16.  A  regular  lot  (not  corner)  which  may  front  or  abut  on 
the  line  of  water  pipe,  shall  be  assessed  an  amount  equal  to  one-half  of 
the  cost,  as  estimated  by  the  said  board  of  public  works,  of  furnish- 
ing and  laying  a  regular  minor  water  pipe  of  approved  materials  and 
manufactiire,  with  the  required  oijenings  for  connections  with  private 
service  water  pipe  along  the  front  of  such  lot,  such  minor  pipe  to  be 
not  less  than  four  nor  more  than  six  inches  in  diameter,  as  the  said 
board  may  determine.  Every  ii-regular  lot,  part  of  lot,  or  other  parcel 
of  land  fronting  or  abutting  on  such  line  of  water  pipe,  and  likewise 
any  parcel  of  land,  or  lot,  which  shall  be  contiguous  to  any  parcel  of 
land,  or  lot,  or  part  of  lot  so  fronting  or  abutting,  and  which  in  the 
judgment  of  the  said  board  is  or  may  be  most  advantageously  used  in 
connection  therewith,  shall  be  assessed  for  such  water  pipe  the  amount 
which,  in  the  judgment  of  said  board,  shall  be  as  nearly  as  may  be  in 
just  projiortion  to  the  amount  assessed  for  regular  lots  as  compared 
with  the  special  benefits  derived  by  each  from  the  laying  of  the  said 
water  pipe." 

Sections  17  and  18  concern  corner  lot  rebates,  apijortionment  to 
subdivided  lots,  and  the  levy  and  collection  "  as  other  sj)ecial  assess- 
ments are  levied  and  collected  in  said  city." 

"Section  19.  The  said  board  of  public  works  shall  file  reports  of 
such  assessments  with  the  comj^troller,  who  shall  record  the  same  in 
a  book  to  be  kept  for  that  purpose,  and  give  notice  thereof  to  the  par- 
ties interested,  by  publishing  the  same  for  three  successive  days  in 
the  ofiicial  j^apers.  Any  person  feeling  himself  aggrieved  by  the  re- 
port of  said  board,  may,  within  twenty  days  after  the  comijletiou  of 
the  publication  of  notice  by  the  comptroller,  ajjpeal  from  such  reiDOi-t 
to  the  circuit  court  of  Milwaukee  county.  Such  appeal  shall  be  en- 
tered and  conducted  in  like  manner,  and  like  security  for  costs  shall 
be  required  as  provided  by  law  in  cases  of  appeal  from  the  decision  of 
the  common  council  of  said  city  to  said  court,  on  the  returns  of  assess- 
ments of  benefits  for  street  improvements.    In  the  making  and  signing 
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of  all  reports  or  returns,  under  this  cliapter,  by  the  said  board  of 
public  works  to  the  comptroller  or  any  other  officer  of  said  city,  the 
official  signatures  of  the  president  and  secretary  of  said  board  shall  be 
sufficient." 

' '  Section  20.  The  said  board  of  jiublic  works  shall,  from  time  to 
time,  make  reports  to  the  comptroller  of  all  work  done,  for  which 
assessments  shall  have  been  made,  as  hereinbefore  provided,  and  the 
comptroller  shall  file  such  reports,  and  enter  the  same  in  his  book  of 
records  of  assessments ;  and  of  all  assessments  for  work  so  reported  to 
have  been  done,  the  comptroller  shall,  if  possible,  make  certified  re- 
turns to  the  city  clerk,  in  time  to  have  the  same  included  in  the  tax 
levy  for  the  current  year;  and  the  same  shall  be  entered  on  the  tax  roll 
in  a  separate  column,  under  the  head  of  '  water  pipe  assessments;' 
and  the  same  shall  be  collected,  and  the  payment  thereof  shall  be  en- 
forced by  sale,  deed,  and  other  proceedings,  in  like  manner  as  is  now 
provided  by  law  in  case  of  assessments  for  street  improvements.  No 
certificates  shall  be  issued  by  the  comijtroller  for  such  assessments, 
but  all  such  assessments,  and  the  j^roceeds  thereof,  when  collected, 
shall  belong  to  the  fund  for  the  construction  of  water- works,  and  shall 
be  credited  to  said  innd  on  the  books  of  the  comptroller  and  treasurer 
of  said  city." 

The  remaining  sections  provide  details  of  administration,  etc. 
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DISCUSSION. 


Jaimes  Owen,  M.  Am.  Soc.  C.  E. — The  question  of  special  assess-  Mr  Owen, 
ments  for  improvements  is  one  in  which  the  speaker  has  been  deeply 
interested  for  many  years,  and  he  thinks  that  this  paper  is  really  an 
important  addition  to  professional  literature.  The  various  practices 
of  making  assessments  for  the  improvement  of  property  in  different 
parts  of  this  country  are  extremely  incoherent.  It  is  not  only  that 
the  State  of  Tennessee  differs  from  the  State  of  Pennsylvania;  or  that 
the  State  of  New  Jersey  differs  from  the  State  of  New  York;  but  that 
different  contiguous  localities  widely  diverge  in  their  individual  ideas 
and  practices  of  assessment.  It  must  be  understood  in  the  first  place 
that  this  is  entirely  a  legal  matter;  that  the  i)rinciple  of  assessment  is 
governed  by  legal  enactments,  and  these  enactments,  to  a  certain  ex- 
tent, represent  the  sentiment  of  the  State  in  which  they  are  in  force. 
Professional  engineers  can  see  readily  that  a  correct  principle,  correct 
in  itself,  will  be  right  in  Pennsylvania,  right  in  Tennessee,  right  in 
New  York,  and  right  in  New  Jersey;  but  the  courts  decide  otherwise, 
and  say  that  a  principle  which  is  right  in  New  Jersey  is  wrong  in 
Pennsylvania,  and  that  makes  the  question  of  assessment  so  compli- 
cated that  it  is  hard  to  formulate  any  particular  rule  and  regulation. 

There  is  a  statement  m  the  fifth  paragraph  of  the  paper  that  calls 
for  criticism.  A  special  assessment  is  defined  as  "  a  compulsory  con- 
tribution paid  once  and  for  all  to  defray  the  cost  of  a  specific  improve- 
ment to  property,  undertaken  in  the  public  interest,  and  levied  by  the 
government  in  j^roportion  to  the  special  benefits  accruing  to  the 
property  owner. "  The  difference  between  taxation  and  assessment  is 
that  a  private  interest  is  subserved  by  assessment,  as  against  the  public 
interest  by  taxation.  All  can  understand  that  the  opening  and  the  pav- 
ing of  a  street,  per  se,  are  primarily  for  the  particular  development  and 
benefit  of  the  property  for  which  the  street  is  opened  and  paved.  In- 
cidental to  that  come  the  wants  and  desires  of  the  community  to  get 
to  that  property  and  the  ease  of  traveling  upon  the  pavements,  but 
first  and  primary  is  the  interest  of  the  property  owner.  In  opening  or 
paving  a  road  the  two  ideas  of  assessment  and  taxation,  in  the  case  of 
the  property  owner,  are  that  by  taxation  the  community  pays  for  the 
privilege  of  getting  to  the  man's  house  and  by  assessment  the  owner 
pays  for  the  privilege  of  letting  the  public  get  to  him. 

The  speaker's  experience  had  been  obtained  in  a  specific  locality. 
Around  him  are  some  eight  or  ten  different  communities,  cities,  towns, 
townships,  boroughs  and  villages,  and  in  those  communities  the 
variety  of  ideas  on  the  question  of  assessment  is  remarkable.  The 
cities,  as  a  rule,  assess  the  cost  of  street,  sewer  and  paving  imjirove- 
ments  on  the  property  benefited.     Some  of  the  towns  do  the  same 
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Mr.  Owen,  tiling,  and  some  assess  the  cost  of  grading  streets  on  the  proi^erty,  and 
the  paving  of  streets  on  the  public  at  large.  Others  of  the  towns  put 
in  their  tax  levy  so  much  every  year  for  the  grading  and  paving  of 
streets.  Others,  again,  issue  bonds  for  such  work,  and  provide  for 
payment  by  general  tax  levy.  There  is  such  a  variety  of  ideas  that  no 
general  rule  can  be  laid  down.  The  principle  evolved  is  that  the  land 
taken  should  be  paid  for  by  the  j^roperty,  and  that  grading  and 
paving  of  the  streets  should  be  paid  for,  one-half  by  the  county  and 
one-half  by  the  township. 

The  author  alludes  to  the  fact  that  the  Supreme  Court  of  New 
Jersey  had  decided  that  the  principle  of  assessing  by  the  front  foot 
was  illegal.  This,  of  course,  while  reasonably  correct  and  proper  to 
the  ordinary  layman's  mind,  overcame  all  the  practices  and  usages 
which  had  been  in  vogue  for  some  years  in  assessing  either  streets, 
pavements  or  sewers.  The  difficulty  was  overcome  by  calculating  the 
assessments  on  the  front  foot,  then  making  some  minor  deviations 
from  that  assessment  to  show  that  the  front  foot  rule  was  not  abided 
by,  and  then  declaring  in  the  result  that  the  property  had  been 
assessed  in  accordance  with  the  benefits  received  and  in  compliance 
with  the  decision  of  the  Court. 

With  reference  to  the  question  of  sewers,  the  State  of  New  Jersey  a 
year  or  two  ago  passed  a  law,  which  probably  exists  nowhere  else  on 
any  statute  book,  that  where  trunk  sewers  are  constructed  for  any 
municipality,  the  cost  of  those  trunk  sewers  should  be  assessed  on  the 
drainage  area  benefited  or  physically  connected  with  that  trunk  sewer. 
That,  of  course,  made  the  matter  entirely  an  engineering  problem.  Last 
year  the  speaker  had  occasion  to  get  up  the  assessment  returns  for  an 
exjienditure  of  about  $250  000  in  a  community  where  there  was  a  trunk 
sewer  outside  of  its  limits,  two  trunk  sewers  within  its  limits,  five  or 
six  radiating  submains,  ten  or  fifteen  main  laterals,  and  in  addition 
many  small  laterals.  The  calculations  to  work  out  that  particular 
assessment  were  quite  interesting.  It  had  first  to  be  assumed,  as  the 
author  says  is  proper,  that  each  individual  property  owner  on  the  main 
sewer  should  be  assessed  for  the  cost  of  a  lateral.  The  speaker  be- 
lieved that  to  be  good  practice.  The  excess  of  cost  of  the  main  sewer 
above  the  lateral  was  distributed  as  one  item  over  the  drainage  area. 
Then  in  the  main  trunk  sewers,  the  same  jjrocess  was  gone  through.  In 
addition  to  that  there  was  the  extra  expense  in  putting  down  the  main 
trunk  sewers  deep  enough  for  certain  specific  localities,  which  all  can 
understand  would  be  necessary.  That  was  attended  to.  Then,  in 
addition  there  was  the  extra  expense  in  certain  other  localities  in  put- 
ting down  certain  laterals  to  accommodate  certain  other  laterals.  The 
total  number  of  specific  items  for  each  assessment  amounted  to  about 
seven,  and  in  addition  there  were  two  areas  which  were  not,  according 
to  law,  in  the  drainage  area.     Then  came  the  problem,  if  these  two 
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sections  demanded  immediate  sewerage,  tlie  town  was  under  obligations  Mr.  Owen. 
to  give  it  to  them,  by  providing  for  connecting  the  sewers  and  pump- 
ing the  sewage  into  the  mains.  Therefore  in  an  engineering  sense  those 
districts  were  included  in  the  drainage  area.  In  addition  to  that  the 
law  said  that  no  property  not  connected  with  a  sewer  was  liable  to 
assessment.  That  made  another  complication,  and  the  whole  assess- 
ment then  had  to  be  divided.  In  working  it  out  further  the  question 
of  using  front  feet  or  area  to  develop  the  amount  of  money  due  on  each 
lot  was  considered,  and  at  that  point  a  decision  of  the  court  was  in- 
jected, in  which  the  Supreme  Court  of  New  Jersey  had  decided  that 
the  assessment  for  sewerage  should  be  made  by  the  commissioners, 
not  on  the  existing  status  of  the  property,  but  what,  in  the  judgment 
of  the  commissioners,  would  be  a  judicious  development  of  that  prop- 
erty in  the  future. 

The  decision  of  the  claims  between  area  and  frontage  were  decided 
on  the  basis  of  prospective  benefits,  which  the  speaker  thinks  justifiable. 
In  that  community  there  was  suburban  j^roperty  of  difiereut  charac- 
ters. There  were  tracts  of  7  or  8  acres,  100-ft.  lots,  50-ft.  lots,  and 
25-ft.  lots.  In  accordance  with  the  decision  of  the  court,  the  question 
to  be  solved  was:  within  a  reasonable  time  what  will  be  the  probable 
development  of  a  certain  piece  of  jjroperty?  That  is,  would  it  be  sub- 
divided into  25-ft.,  50-ft.,  100-ft.  or  200-ft.  lots.  The  assessment  was 
made  on  the  basis  of  the  probable  accommodation  per  house  for  that 
particular  sewer  on  that  land.  It  is  unknown  what  the  courts  may 
decide  on  the  matter. 

The  author  alludes  to  the  fact  that  in  Newark,  N.  J.,  "of  the  sewer 
system,  both  mains  and  laterals  are  a  charge  uj)on  abutting  property, 
except  where  a  main  sewer  is  laid  the  property  is  charged  only  with 
the  cost  that  a  pipe  sewer  would  have  in  the  same  place."  That  is 
perfectly  correct.  In  his  allusion  to  the  practice  in  Newark  he  states 
that  the  levy  for  grading,  curbing  and  paving  is  made  by  the  frontage 
method.  That  is  hardly  correct  under  the  decision  of  the  court.  Take, 
for  instance,  the  question  of  renewals  of  pavement.  There  is  a  street 
in  Newark  that  was  originally  paved  with  cobblestones,  at  that  time 
considered  the  best  practice.  Subsequently  the  cobblestones  were 
discarded  and  a  wood  j^avement  was  laid  down.  That  lasted  about 
three  years.  Then  they  laid  granite  blocks.  Those  three  assessments 
were  levied  on  that  property.  The  wood  pavement  assessment  was 
strenuously  fought  in  the  courts,  but  the  decision  was  that  the  prop- 
erty owners  must  pay  for  it,  and  that  is  the  practice  in  that  city  in  all 
questions  of  renewals. 

The  author  states  that  ' '  As  far  as  the  trunk  sewers  are  concerned, 
their  construction  is  of  more  general  import  to  the  city  as  a  whole  than 
to  any  individual  users,  and  their  cost  might  well  be  paid  by  general 
taxation."      That  statement  is  hardlv  tenable.     Where  a  city  has  a 
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Mr.  Owen,  number  of  different  drainage  areas,  the  assessment  of  the  trunk  sewer 
shoiild  be  confined  to  the  principal  drainage  area.  The  speaker  knew 
of  one  assessment  made  in  that  way,  and  the  commissioners,  for 
shortness,  assessed  each  lot  §10.  It  was  very  simple,  and  it  was  satis- 
factory. In  one  town  the  cost  of  sewers  is  provided  for  by  charging  a 
lump  sum  for  connection  and  then  relieving  the  property  owner  from 
any  future  assessment,  which  is  very  good  practice. 

This  question  of  assessment  is  a  matter  bound  up  greatly  with  en- 
gineering practice.  While  the  engineer  may  not  be  able  to  lay  down 
any  fundamental  principles  to  the  commissioners,  simply  because  the 
commissioners  have  to  be  governed  entirely  by  law,  the  mere  existence 
of  the  paper  under  discussion,  circulating  among  the  different  cities  and 
towns  of  this  country  and  showing  crystallized  practice  in  the  matter, 
will  be  of  great  value  because  every  community  has  been  working  out 
its  own  plan  and  its  own  idea  according  to  its  own  whims  and  caprices. 

The  speaker  did  not  think  that  the  question  of  contract  maintenance 
should  be  considered  as  a  permanent  practice.  He  considered  the 
plan  of  making  contracts  for  asjjhalt  and  brick  pavements  for  a  period 
of  ten  years  unprofessional.  It  is  not  known  how  long  brick  pavements 
will  last,  nor  is  it  known  exactly  how  to  make  asphalt  pavements;  and 
the  community,  to  insure  satisfactory  results,  makes  contracts  with  a 
company  to  put  these  pavements  down  and  keep  them  in  repair  for  a 
term  of  years.  This  practice  is  not  in  vogue  in  building  bridges. 
Engineers  do  not  make  cxantracts  for  keeping  bridges  up  for  ten  years. 
Masons  do  not  make  contracts  to  keep  buildings  up  for  ten  years,  and 
in  no  other  branch  of  engineering  practice  is  it  done.  The  only  reason 
for  it  to-day  is  the  ignorance  of  the  contractor  on  the  subject,  and, 
somewhat,  the  ignorance  of  the  engineer. 

This  subject  is  mentioned  as  it  is  alluded  to  in  the  paper  as  a  part 
of  the  question  of  assessment.  The  author  states  that  in  some  cities 
the  question  of  the  ten  years'  maintenance  was  included  in  the  cost  of 
assessments.  That,  the  speaker  thought,  was  theoretically  wrong,  as  in 
the  higher  development  of  engineering,  the  ideal  development,  the 
function  of  the  engineer  should  be  just  as  much  to  insjject  the  manu- 
facture of  asphalt  as  it  is  the  function  of  the  engineer  constructing  a 
bridge  to  inspect  the  manufacture  of  steel.  Mr.  North  has  stated  that 
it  is  the  province  of  the  engineer,  by  himself,  or  through  others,  to 
see  that  the  powers  of  Nature  are  subservient  to  humanity.  This,  the 
speaker  did  not  think  was  practicable  ;  he  was  unable  to  do  it,  and,  in 
fact,  was  himself  making  contracts  to-day  for  ten  or  fifteen  years  for 
asphalt  and  brick.  The  manufacture  of  cement  has  been  revolution- 
ized by  the  action  of  engineers  in  demanding  strict  adherence  to  cer- 
tain conditions,  and  with  a  practical  knowledge  by  the  engineer  of  the 
material  in  the  manufacture  of  asphalt  pavements,  similar  results  will 
follow. 
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Edwabd  p.  Noeth,  M.  Am.  Soc.  C.  E. — The  profession  of  an  engi-  Mr.  North, 
neer  is  to  direct  the  great  forces  of  Nature  for  the  service  of  mankind. 
He  can  do  that  himself  or  through  others.  There  are  some  things  he 
can  do  better  through  others  than  by  himself  ;  making  steel  bars  for 
bridges  is  one  of  them.  It  can  be  specified  that  the  bar  shall  stand  an 
ultimate  strain  of  so  much,  that  it  shall  stretch  so  much  before  break- 
ing, and  that  it  shall  bend  around  its  own  diameter  without  nicking. 
This  cannot  be  done  siiccessfully  with  any  asphalt  pavement  known, 
not  even  rock  asphalt  The  speaker  could  teach  any  man  in  one  day 
how  to  lay  good  rock  asphalt  i^avement,  but  is  not  prepared  to  say 
the  same  regarding  ordinary  bituminous  pavement,  as  he  did  not 
think  he  could  do  it  successfully.  In  the  Department  of  Public 
Works  of  the  City  of  New  York,  a  great  many  samples  of  crude  as- 
phalt, bitumen  and  paving  cement,  as  it  is  called,  and  also  of  the 
finished  products,  have  been  analyzed.  Pavements  that  have  failed 
utterly  do  not  differ  so  much  from  those  that  have  been  successful,  as 
the  successful  ones  differ  among  themselves.  Analysis  is  not  trust- 
worthy as  a  guide  for  the  acceptance  of  a  pavement,  and  the  speaker 
would  be  rather  slow  to  reject  a  pavement  on  the  strength  of  any 
analysis,  if  the  contractor  was  willing  to  back  his  offer  to  lay  such  a 
pavement  with  a  competent  bond  for  fifteen  years'  maintenance. 

In  the  City  of  New  York  specifications  for  repaving  with  asphalt 
call  for  a  pavement  that  for  fifteen  years  from  the  date  of  its  accept- 
ance shall  have  no  depression  greater  than  |  in.  from  a  straight  edge  4  ft. 
long  laid  on  its  surface,  and  if  repairs  are  not  made  within  forty-eight 
hours  from  notice,  the  Commissioner  of  Public  Works  is  authorized 
to  make  the  necessary  rej^airs,  taking  the  cost  thereof  from  the  deferred 
Ijayments  due  the  contractor.  Many  persons  who  wish  to  form  as- 
phalt paving  companies  object  strenuously  to  the  lengthy  mainte- 
nance, but  comjianies  with  capital  seem  satisfied. 

It  is  approximately  possible  to  lay  a  pavement  that  will  last  a  year 
and  break  up  at  the  end  of  the  second,  or  to  lay  a  pavement  that  will 
last  five  years  and  commence  to  powder  at  the  end  of  the  sixth  or 
seventh  year,  biit  the  speaker  had  doubts  about  the  possibility  of 
laying  a  pavement  that  would  last  fifteen  years.  If  Mr.  Owen's  plan 
of  abolishing  the  guarantee  is  adopted,  the  engineer,  instead  of  taking 
care  of  all  the  interests  of  a  city,  must  not  only  have  a  technical 
knowledge  of  asphalt  ;  but  to  make  this  knowledge  valuable  to  the 
city  he  must  be  in  the  jilace  where  the  asphalt  is  refined,  he  must  be 
on  the  mixing  floor,  and  he  must  be  on  the  street,  which  is  an  impos- 
sibility. Otherwise,  he  falls  into  the  hands  of  the  municii>al  em- 
ployee, who  may  be  a  good  man  and  who,  under  the  Civil  Service 
rules,  should  be  a  good  man. 

It  is  not  necessary  that  an  engineer  should  run  a  smelting  furnace, 
an  open-hearth  plant  and  a  rolling  mill,  in  order  to  build  bridges.  He 
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Mr.  North,  slioiild  make  such  specifications  as  will  ensure  a  bridge  that  will  be 
strong  enough  for  the  traffic,  which  is  easily  done  ;  and  an  asphalt 
I^avement  that  will  be  maintained  in  good  order  for  fifteen  or  any 
other  desired  term  of  years  may  be  specified  and  obtained  if  a  suffi- 
cient and  responsible  bond  is  exacted. 
Mr.  Tillson.  G.  W.  TiLLSON,  M.  Am.  Soc.  C.  E.— The  author  states  that  in 
Brooklyn  on  sti'eets  where  street  car  tracks  are  laid,  one-fourth  of  the 
cost  of  the  pavement,  or  of  the  improvement,  is  assessed  against  the 
proj)erty,  one-fourth  against  the  street  car  company,  and  one  half 
against  the  city.  This  is  true;  but  his  assumption  that  the  city  thereby 
pays  the  same  amount  it  would  have  had  to  pay  if  no  car  track  had  been 
on  the  street,  is  erroneous.  Under  the  old  prices  for  asi3halt  pave- 
ment it  made  no  difference  in  the  cost  of  the  street  whether  a  car  track 
were  there  or  not,  but  as  the  price  for  the  wearing  sui-face  has  de- 
creased gradually  until  it  is  now  generally  less  than  a  dollar  per  square 
yard  on  streets  having  no  car  tracks,  the  cost  per  square  yard  on  streets 
ha\-ing  car  tracks  has  increased  materially.  On  most  of  the  biddings 
where  the  price  for  the  asphalt  would  be  90  and  95  cents  per  yard  on 
streets  without  tx-acks,  on  streets  having  tracks  the  cost  would  be  from 
$1.25  to  $1.35  per  square  yard.  So  that  when  the  cost  of  the  jjavement 
came  to  be  figured  up  and  paid  for  by  the  city,  notwithstanding  the 
fact  that  the  street  car  company  pays  one-fourth  of  the  total  cost,  the 
city  itself  really  pays  more  for  its  share  than  it  would  if  the  track 
were  not  there,  and  the  property  owner  pays  almost  as  much — his 
quarter  is  very  nearly  as  much  as  the  half  would  be  under  the  old 
rule.  The  i^oint  is  that  the  cost  of  a  jjavement  to  the  city  is  not  de- 
creased by  the  fact  that  a  street  car  company  occupies  a  street  and 
pays  one-quarter  of  the  cost  of  the  pavement. 

The  reason  of  the  greater  cost  per  square  yard  on  streets  having 
car  tracks  is  the  exti'a  expense  of  laying  the  asphalt  pavements  on  such 
streets  and  the  greater  duty  required  under  the  five  years'  main- 
tenance clause.  It  costs  a  good  deal  more  to  keej)  the  pavement  in 
repair  for  five  years  on  a  street  having  car  tracks  than  on  one  without 
tracks.  Nearly  all  the  roadways  of  Brooklyn  streets  are  34  ft.  wide, 
which  leaves  a  very  small  space  between  the  tracks  and  the  curb,  and 
although  traffic  in  each  direction  keeps  on  the  right-hand  side,  the 
conseqiient  concentration  of  travel  in  one  j^lace  causes  greater  wear. 

In  relation  to  guarantee  on  pavements,  the  statement  of  Mr.  Owen 
would  be  correct  if  it  had  been  made  ten  years  ago.  The  speaker  did 
not  think  there  is  now  any  necessity  whatever  for  putting  a  five  or 
ten-year  guarantee  clause  in  contracts  for  asphalt  pavements.  When 
this  pavement  was  first  introduced,  nobody  m  this  country  or  anywhere 
else  knew  how  it  woiild  behave,  what  sort  of  traffic  it  would  sustain, 
or  how  long  it  would  last  under  the  action  of  the  weather.  It  was  an 
experiment.     The  people  who  then  advocated  asphalt  jiavement  had 
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faith  enough  in  it  to  guarantee  that  it  would  last  five  years.    This  was  Mr.  TiilsoD. 
the  only  way  that  their  pavement  could  be  introduced,  and  the  inser- 
tion of  guarantee  clauses  in  contracts  is  simply  a  practice  that  has 
come  down  from  that  time. 


CORBESPONDENCE. 


Kenneth  AiiLEN,  M.  Am.  Soc.  C.  E. — It  is  difficult  to  devise  a  Mr.  AUen. 
method  of  si^ecial  assessment  with  reference  to  sewerage  which  will 
apply  with  equity  in  all  cases.  In  one  case  a  complete  system  of 
sewerage  is  to  be  paid  for;  in  another,  a  small  lateral,  while  a  third  case 
calls  for  a  disposal  plant  with  outfall.  Again,  we  may  have  to  provide 
for  a  system  of  domestic  sewers,  combined  sewers,  or  storm-water 
drains;  and,  to  further  complicate  the  problem,  we  may  assess  the 
entire  amount  at  the  outstart,  or  we  may,  after  floating  an  issue  of 
bonds,  provide  for  their  interest  and  laltimate  redemj^tion,  with  or 
■without  annual  charges  for  maintenance  and  renewals,  by  annual  as- 
sessments or  rentals. 

It  is  clear,  first,  that  before  any  particular  plan  can  be  outlined,  a 
definite  knowledge  as  to  some  of  the  above  points  is  requisite;  and, 
secondly,  that  there  may  be  as  many  equitable  solutions  of  the  j^roblem 
as  there  are  conditions  precedent. 

The  author  has  collated  valuable  data  with  regard  to  current 
practice,  to  which  the  writer  ventures  to  append  a  few  others  which 
have  recently  come  under  his  notice. 

Assuming  that  the  cost  of  sewerage  should  be  met,  at  least  in  part, 
by  special  assessment,  there  are  three  principal  methods  which  may 
be  used: 

1.  A  sijecial  assessment  based  upon  the  frontage  or  area  of  the 
projierty  or  upon  a  combination  of  these; 

2.  A  rental  charge; 

3.  A  sj^ecial  assessment  based  ujjon  the  valuation  of  the  property. 
Firsf. — An   assessment   based  upon    frontage  alone  is  in  common 

use.  In  Boston,  Mass.,  for  instance,  the  cost  ujj  to  §4  per  lineal  foot 
is  charged  to  abutters;  but  from  any  corner  estate  which  has  been  as- 
sessed for  a  sewer  in  the  other  street,  100  ft.  is  deducted  from  the  total 
frontage  of  the  estate.  In  this  way  the  city  is  recouped  by  about  60% 
of  the  cost  of  the  work,  and  this  is  placed  to  the  credit  of  the  sinking 
fund. 

As  the  cost  of  sewer  work  varies  so  greatly,  dejaending  on  the 
dei^th  and  size  of  sewer,  character  of  excavation,  drainage,  etc.,  while 
the  benefit  received  may  remain  the  same,  it  has  been  thought  more 
equitable  to  assess  some  fixed  sum  per  foot  of  frontage,  which  rate 
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Mr.  Allen,  may  be  determined  as  the  average  cost  per  lineal  foot  or  some  fraction 
thereof.  This  practice  is  followed  in  Philadelphia,  Pa.,  New  Haven, 
Conn.,  and  elsewhere,  as  shown  by  the  author. 

The  fact  that  a  narrow  but  deep  lot,  or  one  with  no  frontage  on  the 
sewer,  may  secure  a  greater  benefit  than  a  broad  but  shallow  lot,  has 
caused  other  cities  to  base  their  sewer  assessments  entirely  on  the 
area  benefited,  as  in  New  York  and  Chicago.  In  Indianapolis,  Ind., 
unplatted  property  beyond  a  depth  of  200  ft.  is  exempt,  while  in 
Seattle,  Wash.,  the  rate  decreases  in  several  zones  according  to  their 
distance  from  the  street. 

A  combination  of  frontage  and  area  is  generally  admitted  to  be  a 
more  eqiiitable  basis,  and  is  in  use  in  Newton,  Mass.,  Wilming-ton, 
Del.,  and  Bufi'alo,  N.  Y.  In  Newton  the  city  assumes  one-fourth  of 
the  cost,  three-fourths  being  assessed  against  estates  which  may  make 
connection.  The  rates  charged  are  50  cents  per  lineal  foot  of  frontage 
plus  6  mills  per  square  foot  on  area  to  a  depth  of  180  ft. 

In  the  case  of  unimproved  property  this  method  is  not  so  ajJiJli- 
cable,  although  such  property  may  be  made  exemj^t  from  taxation,  or 
jiartially  so,  until  the  advantages  of  sewerage  are  available. 

A  perfectly  equitable  method  of  taxation  would  apportion  the 
assessment  according  to  the  benefits  received;  and  the  actual  use 
made  of  the  system  is  in  some  ways  a  better  indication  of  this  than 
either  frontage  or  area.     Hence : 

Secondly. — The  rental  system  has  been  recently  adopted  by  several 
towns,  as  mentioned  by  the  author.  Where  the  sej^arate  system  is 
adoi^ted,  the  use  made  of  the  sewers  is  practically  proportional  to  the 
water  suj^ply;  and  if  the  rates  for  the  latter  are  equitable,  the  sewer 
rates  on  improved  property  may  be  based  upon  them. 

The  City  of  Marlboro,  Mass.,  provides  in  this  way  for  half  the 
cost  of  its  sewers,  disjiosal  works,  maintenance,  renewals,  interest  and 
sinking  fund,  the  balance  being  met  by  general  taxation.  The  charges 
are  10  cents  per  1  000  galls,  metered,  with  a  minimum  charge  of  84  per 
annum.  A  discount  of  75°^  on  the  above  rates  is  made  to  manufactur- 
ing establishments,  and  one  of  lo%  to  estates  with  sill-cocks.  The 
minimum  rate  for  unmetered  estates  is  §6.  It  may  be  urged  that  in 
this  way  unimproved  property  does  not  bear  its  share  of  the  burden, 
especially  when  such  property  is  drained  or  otherwise  enhanced  in 
value;  and  to  meet  this  objection  a  system  of  rentals  may  be  com- 
bined with  a  tax  on  frontage  or  area  or  on  both.  In  Brockton,  Mass., 
25/^  of  the  cost  of  construction  is  paid  by  a  tax  on  abixtting  property 
of  15  cents  per  front  foot  plus  n;  cent  per  square  foot  of  area  within 
125  ft.  of  the  street,  no  ground  being  assessed  twice.  When  estates 
abut  on  two  or  more  streets  the  assessment  is  based  on  the  longest 
side,  and  the  length  of  the  other  fronts  less  60  ft.  on  each.  Two- 
thirds  of  the  annual   expense,  including    maintenance,  is   raised  by 
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rentals  amounting  to  S8.40  per  annum  for  each  unmetered  water  ser-  Mr.  Allen, 
vice,  or  28  cents  per  1  000  galls,  for  metered  service,  with  discounts 
of  70%  to  factories,  and  20%  to  buildings  with  sill-cocks.     Any  bal- 
ance unprovided  for  is  met  by  general  tax  levy. 

Fall  River,  Mass.,  may  be  cited  as  a  further  example.  Here  a 
commission,  consisting  of  the  mayor,  city  engineer  and  city  solicitor, 
has  recently  recommended  that  the  funds  required  for  sewerage  be 
raised  as  follows :  One-ninth  of  the  capital  cost  by  an  assessment  based 
on  frontage;  two-ninths  of  the  capital  cost  by  annual  rentals,  and  the 
balance  by  general  taxation. 

The  i^roposed  rates  are:  15  cents  per  front  foot,  and  W  cent  per 
square  foot  to  a  depth  of  125  ft.  where  constructed.  Eight  dollars 
plus  f  of  the  water  tax  in  excess  of  $20,  where  water  is  not  metered; 
10  cents  per  1  000  galls,  of  sewage  where  water  is  metered,  with  a 
minimum  charge  of  $8. 

It  is  commonly  objected  to  the  charge  of  rentals  for  sewerage  that  it 
will  deter  many  of  the  poorer  classes  from  making  connection.  The 
same  objection  is  urged  against  the  use  of  water  meters,  although  a 
charge  proportioned  to  the  use  made  of  either  sewerage  or  water 
would  appear  equitable.  The  course  to  pursue  in  either  case  is  to 
discard,  first  of  all,  any  idea  of  profit  to  the  city,  and  to  fix  the 
schedule  of  rates  as  low  as  practicable,  to  enforce  connection  with  the 
system,  and,  when  the  charge  is  based  upon  meters,  to  provide  a 
minimum  rental;  and,  moreover,  to  secure  a  return  for  benefits  accru- 
ing to  unimproved  j^roperty,  it  would  appear  best,  as  a  rule,  to  com- 
bine a  system  of  rentals  with  an  assessment  on  the  frontage  and  on  the 
area  benefited.  The  precise  proportions  assigned  to  each  method  will 
necessarily  vary  in  different  places,  depending  on  whether  storm- 
water  is  admitted  and  on  other  considerations. 

ThinUi/. — Where  the  removal  of  storm  water  is  a  consideration,  the 
area  drained  or  otherwise  benefited  should  be  made  to  bear  its  share  of 
the  cost.  This  may  be  accomplished  by  the  customary  assessment  of 
a  certain  sum  -per  square  foot,  or  else  by  one  based  upon  the  valuation 
of  the  property  so  benefited. 

The  latter  method  is  employed  in  Cbicopee,  Mass.,  where  a  tax  of 
1%  on  the  assessed  valuation  is  levied,  increased  by  the  sum  of  $10 
when  entrance  is  made.  These  charges  have  been  found  inadequate  to 
pay  for  the  entire  cost  of  construction. 

In  Lawrence,  Kan.,  main  sewers  are  jjaid  for  by  general  tax  levy, 
while  laterals  are  paid  for  by  the  abutting  property,  according  to  the 
valuation  of  the  lot,  without  regard  to  improvements.  This  somewhat 
unique  method  has  been  stated  as  giving  satisfaction  in  that  city,  but 
from  the  fact  that  under  it  any  individual  assessment  is  practically  in- 
dependent of  the  cost  of  the  sewers,  of  their  use,  or  of  any  benefits  re- 
sulting therefrom,  it  cannot  be  considered  equitable. 
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Mr.  Allen.  An  assessment  based  upon  tlie  aj^preciation  in  value  of  the  property 
lying  within  the  drainage  area  has  been  proposed,  and  if  the  amount 
of  such  appreciation  could  be  easily  established,  this  would  offer  ad- 
vantages, especially  in  the  case  of  sewei's  or  drains  admitting  storm 
water.  These  frequently  drain  large  areas  where  the  benefits  depend 
not  only  on  the  proximity  of  the  sewer,  but  on  the  peculiar  physical 
conditions  obtaining  on  each  property.  By  this  method  a  lot  on  low 
ground  subject  to  damage  from  storm  water,  the  value  of  which  would 
be  enhanced  when  drained,  would  pay,  relatively,  a  larger  proportion 
of  the  cost  than  an  adjacent  lot  lying  higher,  and  therefore  not  requir- 
ing drainage,  although  the  actual  cost  of  the  sewer  opposite  the  latter, 
due,  perhaps,  to  heavier  cutting,  might  be  much  greater. 

As  in  the  construction  of  a  large  outlet  sewer,  property  lying  on 
the  outskirts  of  the  drainage  area  may  receive  no  benefit  for  years  to 
come,  a  direct  assessment  on  such  property  would  not  be  equitable, 
Avhile,  on  the  other  hand,  when  such  property  is  provided  for,  it 
should  bear,  in  addition  to  the  cost  of  the  small  lateral  on  which  it 
abuts,  a  part  of  the  expense  previously  incurred  in  the  construction  of 
the  larger  outfall. 

To  provide  funds  for  the  immediate  needs  of  construction,  the  city 
might  reasonably  advance  the  amount  of  siich  deferred  assessments, 
which  sum  would  be  placed  to  the  city's  credit  from  the  moneys  re- 
sulting as  a  surplus  after  paying  for  the  construction  of  the  smaller 
laterals  or  extensions,  the  amounts  assessed  for  these  being  suflBcient 
to  provide  such  surplus.  In  case  the  appreciation  in  the  value  of  the 
property  is  so  great  that  a  pro  rata  assessment  exceeds  the  cost  of  the 
lateral  or  extension,  the  surplus  could  revert  to  a  general  drainage 
fund. 

It  should  be  borne  in  mind  that  an  improvement  to  any  part  of  a 
city  is  an  indirect  benefit  to  the  city  as  a  whole.  For  this  reason  it  is 
quite  proper  that  a  certain  share  in  the  expense  of  all  public  improve- 
ment should  be  assumed  by  the  municipality;  and  this  is  fortunate, 
for  it  is  impossible  to  devise  a  scheme  of  special  assessment  which  shall 
at  once  be  perfectly  equitable  and  by  which,  under  practical  conditions, 
the  amount  collectible  will  be  precisely  that  required.  By  raising  a 
certain  proportion,  more  or  less,  by  a  general  tax,  this  difficulty  is  re- 
moved, and  hence  provision  of  this  kind  is  found  in  most  cities  using 
special  assessments.  From  the  difficulty  in  predicting  the  actual  ap- 
preciation of  values  resulting  from  drainage,  it  will,  nevertheless,  be 
recognized  that  certain  practical  difficulties  are  liable  to  arise  in  the 
application  of  this  method. 

Finally,  it  may  be  said  that,  while  such  work  of  a  general  character 
as  long  outfalls,  interceptors  or  disposal  works  may  be  built  by  a  gen- 
eral tax  levy,  the  cost  of  domestic  sewers  may  be  met  best  by  a  com- 
bination of  frontage  and  area   assessments  with  a  system  of  rentals; 
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while  combined  sewers  or  storm-water  drains  may  sometimes  be  most  Mr.  Allen, 
equitably  jarovided  for  by  a  charge  based  upon  the  resulting  apprecia- 
tion to  property,  and  that,  in  any  case,  the  city  itself  should  bear  a 
part  of  the  biirden. 

Robert  E.  McMath,  M.  Am.  Soc.  C.  E. — In  his  position  as  the  Mr.  McMath. 
officer  charged  with  the  jsreparation  and  issue  of  all  special  tax  bills 
in  the  City  of  St.  Louis,  the  writer's  official  relation  to  the  subject  of 
this  paper  has  been  close  for  a  number  of  years,  and  as  one  of  a  com- 
mission to  preijare  charter  amendments  he  has  been  compelled  to 
study  the  subject  from  another  jiractical  standpoint. 

That  the  major  part  of  a  city's  improvements,  construction  and  re- 
newals of  street  and  alley  paving  and  sewer  construction  must  be  ijaid 
for  by  sjiecial  assessments  is  a  necessity  imposed  upon  the  new  cities 
of  this  New  World  by  the  conditions  of  their  existence  and  growth. 
They  need  erery  thing  all  at  once.  Streets,  sewers,  water-works,  harbor 
and  wharf  improvements,  bridges,  parks,  public  buildings  and  the 
means  of  jiublic  and  j^rivate  lighting.  Some  of  these  needs  can  be  met 
by  contract  with  corporations;  others  miist  be  provided  through  some 
form  of  taxation,  or  by  the  issue  of  bonds.  In  St.  Louis  and  other 
cities  the  conditions  of  need  have  been  made  more  imj^erative  by  a  new 
growth  into  districts,  which  a  few  years  ago  were  remotely  rural, 
under  the  stimulus  of  modern  facilities  for  transportation  and  the  com- 
mendable ambition  of  citizens  to  own  their  homes. 

The  Constitution  of  Missouri  prevents,  and  will  prevent  for  years 
to  come,  the  borrowing  of  a  dollar  by  St.  Louis,  or  the  incurring  in 
any  way,  in  any  year,  of  any  obligation  beyond  the  revenues  of  that 
year.  The  city  is  further  denied  the  power  to  levy  taxes  for  municipal 
purposes  in  excess  of  $1  on  $100  valuation,  and  is  required  out  of  that 
limited  revenue  to  meet,  not  only  the  whole  range  of  expenses  usually 
recognized  as  municipal,  but  also  those  usually  classed  as  county  ex- 
penses, such  as  the  whole  system  of  courts,  penal  and  charitable  in- 
stitutions, public  buildings,  etc.  It  will  readily  be  seen  that  the  city 
must  stagnate,  or  the  principle  of  special  assessments  must  in  theory 
and  practice  be  exjDanded  to  meet  the  situation. 

The  statement  of  the  present  practice  of  St.  Louis,  made  by  the 
author,  is  accitrate  except  as  to  repairs  of  paving.  A  court  decision 
denies  to  the  city  the  power  to  require  from  contractors  the  main- 
tenance of  street  paving  for  any  term. 

Exjjerience  here  has  been  that  the  city's  continuing  expenses  in- 
crease in  a  more  rapid  ratio  than  the  revenues.  Consequently,  as  the 
years  pass,  a  diminishing  proportion  is  available  for  public  improve- 
ments, but  the  demands  and  necessity  for  such  improvements  grow 
by  an  increasing  i-atio. 

The  situation  demands  radical  measures,  audit  is  proposed  to  make 
the  entire  cost  of  streets,   grading,  paving  or  repaving,  cleaning  and 
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Mr.  McMath.  sprinkling,  a  charge  upon  the  proiJerty,  to  be  paid  by  special  assess- 
ment; also,  all  sewer  construction  and  reconstruction,  leaving  ordinary 
repairs  alone  to  be  provided  for  by  the  city  at  large. 

At  the  outset  must  be  met  the  question  :  Is  it  fair  and  just,  granting 
the  seeming  necessity,  to  transfer  the  grading  of  streets  and  alleys, 
their  cleaning  and  the  construction  of  principal  sewers,  from  a  charge 
against  the  city  at  large  to  a  local  special  assessment,  when  the  older 
parts  of  the  city  have  had  these  things  done  at  the  expense  of  the  city  ? 

The  last  claiiso  of  this  question  brings  up  the  fairness  because  of 
the  claim  that  all  pei'sons  and  sections  should  be  treated  alike.  The 
answer  is,  that  while  the  older  parts  of  the  city  were  being  improved, 
the  new  parts  were  either  outside  of  the  corporate  limits,  in  which  case 
they  contributed  nothing  towards  improvements,  or  since  the  exten- 
sion of  the  city  limits  they  have  been  shielded  from  contributing  any 
considerable  part  to  improvements  by  a  very  low  assessment,  viz. : 
"By  the  acre  as  agricultural  lands." 

When  the  time  comes  for  local  improvements,  the  old  value  as  agri- 
cultural lands  can  no  longer  be  considered.  In  many  cases  it  must  be 
deliberately  destroyed  by  grading,  and  a  new  value  as  urban  projaerty 
takes  its  iilace.  A  large  part  of  this  new  value  results  directly  or  in- 
directly from  improvements  making  the  i^roperty  accessible,  available 
and  desirable.  The  owner  who  receives  what  some  are  pleased  to  call 
the  "unearned  increment  "  should  invest  a  part  of  the  increase  of  value 
in  the  improvements  which  enhance  the  value  of  his  holdings,  and 
thereby  establish  his  right  to  an  earned  increment.  This  is  clear  as  to 
the  ownership  of  large  tracts.  How  is  it  with  regard  to  the  owners  of 
small  lots  and  homes  '? 

A  practical  answer  is  found  in  the  fact  that  this  class  of  owners  and 
occupiers  are  advocates  of  reasonable  improvements  and  only  ask  that 
the  terms  of  payment  be  made  easy.  Those  who  pioneer  in  the  newer 
parts  of  a  city  soon  learn  that  a  blockade,  due  to  impassable  streets 
for  a  part  of  the  year,  the  want  of  water  in  the  first  place,  and  of  the 
opportunity  to  get  rid  of  it  after  use,  are  intolerable  evils,  and  to  be 
rid  of  them  is  worth  money.  Such  persons  are  drawn  to  the  newer 
parts  of  the  city  by  the  attraction  of  a  home  in  w^hich  they  may  rear 
their  families  under  better  moral  and  physical  conditions  than  the  old 
and  crowded  parts  afford.  Their  investment  in  ground  is  usually 
small,  and  imjarovements  should  be  considered  as  investments,  not  ex- 
penses. They,  if  purchasing  with  discretion,  share  in  the  increase  of 
value  which  comes  indirectly  from  the  investments  of  others  as  well 
as  themselves  in  the  vicinage.  The  fairness  and  justice  of  the  propo- 
sition is  suflSciently  vindicated  by  these  considerations.  But  it  may  be 
asked,  why  should  the  lot  owner  who  has  no  horse  or  vehicle  pay  for  the 
making  of  a  street  to  be  used  by  others.  Because  those  others  largely 
use  the  street  to  serve  him  and  his  neighbors.     The  chief  use  of  ordi- 
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nary  back  streets  is  by  the  grocer,  butcher,  milkman,  coal  dealer  and  Mr.  McMath. 
the  like.     The  city  at  large  has  no  interest  in  the  matter  whatever.    If 
the  street  be  a  thoroughfare  or  a  pleasure  drive,  the  use  of  the  street  gives 
added  value  to  the  adjoining  lands  for  business  or  residence  purposes. 

Having  established  the  affirmative  as  to  the  question  of  fairness 
and  justice,  the  converse  may  be  stated,  namely:  "  It  is  neither  fair  nor 
just  that  the  taxes  paid  by  citizens  in  general  should  be  used  to  pay 
the  cost  of  enhancing  the  value  of  private  holdings."  This  is  so  nearly 
self-evident  that  the  writer  contents  himself  with  the  mere  statement. 

Under  the  constitution  of  Missouri,  "For  city  and  town  purposes 
the  annual  rate  on  property  in  cities  or  towns  having  30  000  inhabi- 
tants or  more  shall  not  in  the  aggregate  exceed  100  cents  the  hundred 
dollars  valuation."  This  limitation  is  deemed  to  bar  the  city  from 
making  assessments  in  her  own  favor  and  collecting  them  herself  in 
advance  of  the  execution  of  work.  The  only  recognized  foundation 
for  the  exercise  of  sjjecial  taxing  i^ower  here  is,  that  an  actual  benefit 
has  been  secured  the  property  which  is  in  actual  existence  and  ready 
for  use  at  the  time  when  payment  is  called  for.  To  avoid  even  the  ap- 
pearance that  the  city  is  a  beneficiary,  and  that  the  si^ecial  tax  is  an 
avoidance  of  the  constitutional  limit,  the  collections  are  made  by  the 
contractors.  The  city  undertakes,  as  intermediate  agent,  to  oversee 
the  work  for  the  tax-payers  and  to  deliver  to  the  contractor  in  payment 
for  work  done  tax  bills  lawfully  issued,  but  by  charter  is  not  "liable 
in  any  manner  whatever  for  or  on  account  of  any  work  done."  Tax 
bills  issued  under  these  conditions  have  been  esteemed  gilt-edged  col- 
lateral or  negotiable  paper.  Contracts  have  been  let  at  rates  which  show 
slight  variation  from  prices  charged  when  the  city  pays  cash.  The 
system  of  special  taxation  is  therefore  thoroughly  established. 

The  manner  of  distributing  assessments  has  been,  that  abutting  or 
adjoining  property  bears  the  entire  cost  of  street  improvements  if  the 
amount  to  be  assessed  does  not  exceed  '25%  of  the  assessed  valuation 
of  the  jjroperty,  including  improvements.  In  case  of  such  excess  the 
city,  in  theory,  pays  the  excess,  but  in  practice  the  improvement  is 
deferred  until  assessed  values  rise  or  the  property  owners  voluntarily 
contribute  the  excess. 

In  the  writer's  oi^inion  it  is  wrong  to  put  an  added  burden  upon 
the  owner  who  improves.  It  is  now  under  consideration  to  change 
the  manner  of  assessment  upon  the  theory  that  a  street  improvement 
directly  benefits  the  abutting  or  adjoining  property,  and  that  the  di- 
rect benefit  is  most  appropriately  estimated  according  to  frontage  on 
the  improvement.  At  the  same  time  benefit  results  to  all  the  property 
in  the  vicinity  which  is  most  equitably  estimated  and  distributed  in 
proportion  to  the  area  of  the  lots  which  lie  nearer  to  the  street  improved 
than  to  any  others,  hence  the  boundary  of  the  taxed  district  is  fixed 
midway,  approximately,  through  the  blocks.     The  ijroportion  under 
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Mr.  McMath.  consideration  is  40^  as  frontage  and  60?^  as  area  tax.  Alley  improve- 
ments are  to  be  assessed  in  proportion  to  the  area  of  all  lots  afforded 
access  by  the  alley. 

Sewer  assessments  have  been  made  according  to  the  area  of  the  lots, 
and  no  change  is  suggested.  The  use  of  sewers  is,  and  under  this 
system  should  be,  without  additional  charge. 

The  people  have  become  accustomed  to  paying  a  sprinkling  tax 
and  do  so  willingly.  The  benefit  is  the  abatement  of  the  dust  nuisance. 
If  the  cleaning  of  improved  streets  be  added,  the  compensating  benefit 
would  be  abatement  of  mud  and  dirt,  cleaning  being  a  logical  sequence 
to  sprinkling  and  complementary  thereto. 
Mr.  Ogden.  Henky  N.  Ogden,  Jun.  Am.  Soc.  O.  E. — The  main  thought  under- 
lying this  paper  and  the  aim  of  every  earnest  city  engineer  or  city 
council,  is  undoubtedly  as  stated,  to  make  the  real  benefit  to  the  per- 
son assessed  the  measure  of  his  liability  to  be  taxed,  and  to  provide 
that  the  compulsory  contribution  made  by  the  jaroperty  owner  is  or 
should  be  only  to  an  amount  jaroportional  to  the  special  benefit  accru- 
ing to  the  projDerty. 

Quite  as  axiomatic  as  this  desideratum  is  the  corollary  that  no  plan 
ever  devised  to  establish  the  relation  between  the  assessment  and  the 
property  can  be  put  into  operation  without  causing  irritation  and  ob- 
jection and  m  many  cases  working  apparently  great  injustice. 

In  the  consideration  of  assessments  for  sewer  construction,  no 
mention  is  made  in  the  paper  of  the  value  of  the  property  as  an  element 
in  determining  the  benefit  accruing  — an  omission  which  it  seems  worth 
while  to  note.  A  year  ago,  the  subject  was  brought  especially  to  the 
attention  of  the  writer,  then  engineer  in  charge  of  the  construction  of 
sewers  in  a  small  city  in  New  York  State,  by  a  violent  newspaper  con- 
troversy over  the  legality  of  the  assessment,  made  in  accordance  with 
the  provisions  of  the  city  charter. 

The  conditions  were  those  often  found  in  small  cities,  viz.,  one 
street  on  which  the  business  houses  are  located,  with  frontages  vary- 
ing from  15  to  33  ft.  and  containing  the  buildings  most  in  need  of 
sewers;  near  this  street  on  both  sides  the  residences  of  the  better  class, 
also  needing  and  generally  desiring  sewers,  their  frontages  averaging 
about  66  ft. ;  on  the  outskirts  the  poorer  houses,  in  most  cases  with  a 
small  garden  on  the  side  or  back,  their  frontages  sometimes  reaching 
150  ft. 

The  sewers  were  so  designed  that  the  laterals,  in  order  to  discharge 
into  the  main  intercepting  sewer,  after  serving  the  business  and  resi- 
dential part  of  the  town,  had  also  to  pass  by  these  poorer  places, 
which,  having  little  or  no  need  of  the  sewers,  in  comparison  with  the 
others,  were  yet  assessed  at  the  same  uniform  rate  per  front  foot.  The 
claim  made  by  them  was  that  the  tax  levied  was  entii'ely  out  of  pro- 
portion to  the  benefit  received,  and  that,  as  there  was  no  increase  in 
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the  value  of  their  ijroperty  due  to  the  sewer,  they  should  pay  only  a  Mr.  Ogden. 
very  small  part  or  even  nothing  at  all,  unless  they  made  actual  use  of 
the  system.  The  claim  was  not  allowed,  but  from  the  facts  that  there 
was  little  chance  of  any  change  in  the  value  or  of  better  buildings  on 
the  property,  and  that  with  a  j^ublic  water  supply  there  was  little 
danger  to  be  ajjprehended  from  their  use  of  cess-pools,  especially  in 
the  sparsely  settled  locality,  it  seemed  to  the  writer  that  there  was 
some  reason  for  their  claim. 

Basing  the  figures  on  those  which  obtained  in  the  city,  the  follow- 
ing table  was  made  to  show  the  difference  in  the  assessments  possible 
under  different  methods  of  levying,  and  to  gain  at  the  same  time  an 
idea  of  the  relation  of  the  assessment  to  the  value  of  the  property. 
The  total  valuation  of  the  city  was  taken  at  §12  000  000,  with  interest 
at  6%,  and  the  cost  of  the  system  at  $100  000. 

I. — Direct  assessment  is  assumed  at  666  666  equal  to  81  per  front 
foot;  the  general  tax  is  assumed  to  pay  the  balance,  or  833  333;  the 
general  tax  at  6%  gives,  on  §12  000  000,  an  annual  tax  rate  of  8.00017. 
Four  classes  of  jsroperty  are  assumed:  A,  value  850  000;  B,  value 
820  000;  C,  85  000;  and  D,  81  000;  all  on  50-ft.  lots. 

The  first  horizontal  line  gives  the  amount  of  the  direct  assessment, 
and  the  second,  the  annual  tax  for  sewers,  capitalized  at  6  per  cent. 

A.  B.  C.  D. 

50  X  81  850  850  850         850 

Annual  tax,  capitalized 142  57  14  3 

8192        8107  864         853 

II. — The  direct  assessment  is  here  put  at  833  333  — equal  to  50 
cents  a  foot.  The  same  amount  is  divided  among  the  property  bene- 
fited in  proportion  to  its  value,  assumed  at  86  000  000  or  one-half  the 
total,  being  a  rate  of  8.0054  on  the  dollar. 

The  remainder,  or  833  333,  is  assumed  on  the  general  tax,  or  an 
annual  tax  of  8.00017  on  the  dollar. 

A.  B.  C.  D. 

50  X  50  cents 825  825  825         825 

.0054  X  value 278  112  28  6 

Annual  tax,  capitalized 139  57  14  3 

8442        8194  867         834 

III. — The  direct  assessment  is  here  put  at  833  333 — equal  to  50 

cents  a  foot.     The  same  amount  is  assumed  to  be  divided  equally  in 

l^roportion  to  the  valuation,  here  assumed  at  the  total  city  valuation, 

or  812  000  000.     The  general  tax  is  assumed  to  cover  the  balance,  or 

833  333. 

A.  B.  C.  D. 

50  X  50  cents 825  825  825  825 

.0028  X  value 139  56  14  3 

Tax  capitalized 139  56  14  3 

8303    8137    853    831 
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Mr.  Ogden.  Under  Section  19  of  the  laws  of  Special  Sewer  Assessment  given, 
the  author  says  that  the  only  safe  and  practicable  course,  and  the  one 
which  will  do  equal  justice  to  all  parties,  is  to  consider  what  will  be 
the  influence  of  the  proposed  improvement  on  the  market  value  of  the 
property ;  what  the  jiroperty  is  now  fairly  worth  in  the  market,  and 
what  its  value  will  be  when  the  improvement  is  made.  The  table  given 
with  the  conditions  assumed,  shows  that  in  "I  "  the  S5  000  residence 
pays  $64,  and  the  $1  000  hut  $53,  although  the  value  of  the  latter 
property,  if  increased  at  all,  is  certainly  not  improved  as  compared 
with  the  other,  in  the  ratio  of  the  two  assessments. 

In  "II,"  the  effect  of  assessing  half  of  the  direct  assessment  according 
to  the  value  of  the  property  is  seen,  with  the  large  increment  in  the 
assessment  made  on  the  better  property.  Whereas  the  $50  000  prop- 
erty, which  might  be  a  hotel,  apartment  house  or  office  building,  paid 
in  the  first  case  but  four  times  as  much  as  the  poorest  property,  here  it 
pays  thirteen  times,  a  proportion,  which,  in  view  either  of  the  benefit 
to  the  property  or  of  the  use  of  the  sewer,  would  seem  to  be  more 
equitable. 

"Ill  "  is  given  to  show  that  as  the  valuation  of  the  property  ap- 
proaches the  total  valuation,  the  individual  liability  is  reduced;  a  result 
also  obtainable  by  placing  a  larger  proportion  of  the  cost  in  the  gen- 
eral tax  list. 

By  establishing  a  scale  or  ratio  of  the  benefits  secured  to  the  differ- 
ent classes  of  property,  the  fraction  of  the  direct  assessment  collected 
on  valuation  can  be  so  varied  as  to  make  the  amounts  almost  exactly 
correspond  to  the  predetermined  benefits,  and  the  matter  in  dispute 
would  be  changed  from  the  amount  of  the  assessment  to  the  amount 
of  the  benefit,  a  more  proper  basis  for  discussion. 

It  is  understood  that  thei'e  is  always  a  possibility  of  the  owner  of 
the  31  000  lot  putting  on  it  a  $50  000  building,  and  so  making  the  uni- 
form frontage  assessment  equitable,  but  in  the  class  of  cities  under 
discussion,  this  is  a  very  remote  possibility.  It  is  also  understood  that 
a  fair  comparison  between  vacant  lots  and  improved  property  would 
be  difficult,  but  a  comparison  of  the  values  of  the  land  would  avoid 
this  uncertainty,  and  a  charge  for  rental  would  further  equalize  the 
payments  for  the  benefits  received. 

It  is  finally  submitted  that  the  benefit  to  property  from  a  sewer 
connection  bears  generally  an  indirect  ratio  to  the  value  of  the  prop- 
erty, not  included  in  an  assessment  by  frontage  or  area,  and  that  there- 
fore the  value  of  the  property  should  properly  form  an  element  in  de- 
termining the  direct  assessment. 

Gakdnek  S.  WHiiiiAMS,  Assoc.  M.  Am.  Soc.  C.  E. — The  statements  of 
the  author  regarding  Detroit  are  to  be  somewhat  modified  on  account 
of  a  law  enacted  by  the  last  legislature  and  now  just  gone  into  effect 
relative  to  the  laying  of  water  pipes.     This  law  provides  that  the  cost 
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of  laying  a  water  pipe,  6  ins.  in  diameter  or  less,  shall  be  assessed  Mr. 
upon  the  property  abutting  upon  the  street  through  which  it  is  laid, 
on  a  basis  of  frontage,  the  total  cost,  including  street  crossings,  to  be 
so  assessed  equally  per  foot  of  front,  except  that  in  case  of  a  main 
being  laid  on  two  sides  of  a  lot,  the  shorter  side  alone  determines  the 
assessment  of  the  lot.  For  pipe  larger  than  6  ins.  in  diameter  the 
estimated  cost  of  a  6-in.  pipe  only  is  to  be  assessed,  the  remainder  of 
the  cost  being  boi-ne  by  the  water  rate  payers. 

Mr.  H.  E.  Terry,  City  Engineer  of  Saginaw,  Mich.,  who  has  devised 
a  method  of  aj^portioning  special  assessments,  has,  at  the  writer's  re- 
quest, supplied  him  with  the  following  description  thereof,  which  it  is 
hoped  will  not  be  oiit  of  place  in  this  connection,  and  will  be  of  inter- 
est to  those  having  to  deal  with  such  matters. 

The  charter  of  Saginaw  requires  that  such  assessments  be  made 
according  to  the  benefits  received  from  the  special  improvement,  re- 
gardless of  the  value  of  the  property  benefited,  and  the  practice  has 
been  for  some  years  past  to  fix  assessing  disti'icts,  including  generally 
the  half  of  each  block  adjoining  and  on  each  side  of  the  street  in  which 
the  improvement  is  made.  Now,  it  is  evident  that,  based  upon 
benefits  received,  land  contiguous  to  the  street  improved  should  be 
assessed  more  than  similar  land  situated  further  back  from  the  street; 
in  other  words,  the  assessment  must  be  graded,  diminishing  from  the 
front  toward  the  back  of  the  district.  After  some  investigation  it 
■was  found  that  the  following  formula  will  give  the  proportionate 
amount  of  the  frontage  assessment  of  any  fixed  depth  to  be  assessed 
any  depth;  that  is,  for  each  dollar  of  any  frontage  of  assessed  depth  as 
a  unit,  the  formula  will  give  the  fraction  or  multiple  thereof  for  any 
depth. 

2  -^ 1 

The  formula  is :  y  =    (j-^^-:_  j     or  y  =  2  —  2  ^  ~  ^,  in  which  //  =  the  pro- 

jjortionate  assessment  and  x  =  the  depth  from  the  front  in  terms  of  the 
iinit  depth.     To  illustrate,  solve  for  ;/,  assuming  values  of  .r,  giving — 

for  ./•  =  0,  //  =  0  for  .r  =  3,  ^  =  If 

:c  =  1,  V  ==  1  -^  =  4,  y  =  1^ 

X  =  2,  c/  =  li  etc., 

which  by  successive  subtractions  gives  for  each  dollar  assessed  on  the 
front  unit  of  depth,  the  amounj  of  50  cents  for  the  second  unit  of 
depth,  25  cents  for  the  third,  and  so  on  in  a  decreasing  geometrical 
ratio.  Similarly  for  fractional  values  of  x.  For  each  dollar  assessed 
on  the  front  unit  dejith,  the  proportionate  assessment  for  any  frac- 
tional part  is  obtained. 

The  following  will  illustrate  the  gradation  of  assessments  for  suc- 
cessive equal  widths  from  the  front  to  the  back  of  the  district,  each 
width  being  a  given  fractional  jjart  of  the  unit  depth. 
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Each  parcel 

one-half  of  unit 

depth. 


Each  parcel 

one-third  of  unit 

depth. 


Each  parcel 

one-fourth  of 

unit  depth. 


1st  unit  depth. 


2d  unit  depth.  I 


3d   unit  depth. 


0.5858 


0.412(1 
0.3275 


0.4142  - 
0.2929 

1.0000 

0.2599  - 

0.2063 
0.1637 

1.0000 

0.2071  - 
0:i46o 

0.5000 

0.1300- 

0.1031 
0.0819 

0.5000 

0.1035  —  0.3500 
etc 


0.0650  —  0.2500 
etc. 


0.3182 
0.9676 
0.2250 
0.1892  —  1.0000 

0.1591 
0.1338 
0.1125 
0.0946  —  0.5000 

0.0795 
0.0669 
0.0563 

0.0473  —  0.2500 
etc. 


■1st  unit  depth, 


-2d  unit  depth. 


;-3d  unit  depth. 


The  present  practice  is  to  call  the  unit  depth  50  ft.,  and  a  table  has 
been  arranged  for  the  projiortionate  value  of  each  foot,  and  the  totals 
between  any  limits  in  feet  wherever  located  within  probable  range 
of  the  district,  so  that  at  a  glance  the  proijortionate  amount  can  be 
found  which,  multiislied  by  the  frontage  in  feet,  gives  the  propor- 
tionate assessment  of  the  given  parcel.     Then — 

Total  assessment  j  Proportionate  assessment  for  ) 

Total  proportionate  assessment         I  any  parcel  i 

Assessment  for  any  parcel. 

LeConte.  L.  J.  Le  Conte,  M.  Am.  Soc.  C.  E.^The  author's  subject  is  one 

which  will  always  invite  interesting  discussion.  He  states  both  ex- 
tremes in  practice,  and  then  attempts  to  strike  the  happy  medium. 
His  conclusions  seem  to  be  well  studied,  and  will  certainly  interest 
property  owners  west  of  the  Rockies. 

The  general  practice  in  California  is  to  make  the  abutting  property 
pay  for  the  entire  cost  of  street  improvements,  and  in  most  cases  keep 
up  repairs  also.  Of  recent  years  a  few  towns  have  been  keeping  up  re- 
pairs, so  called.  It  requires  very  little  study  to  arrive  at  the  conclu- 
sion that  the  public  is  fully  as  much  benefited  by  street  improvements 
as  the  abutting  property.  The  practice  in  a  large  number  of  eastern 
cities,  and  even  in  England,  is  to  divide  the  expenses  equally  between 
the  city  general  fund  and  the  abutting  property,  and  subsequent 
repairs  are  always  kejat  up  by  the  city.  Western  cities  are  rajsidly 
drifting  in  the  same  direction,  and,  as  a  result,  it  may  be  noticed  that 
a  markedly  closer  relation  between  the  city  governments  and  the 
citizens  is  growing  up.  Public  improvements  are  commendably  en- 
coxxraged  thereby,  and  yet  the  special  tax  is  heavy  enough  to  prevent 
a  tendency  towards  extravagance. 

On  main  avenues  of  ap^jroach  to  bridges  or  dejjots  the  traffic  is 
abnormally  heavy  and  continuous,  and  the  consequent  noise  and  dust 
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is  an  actual  detriment  more  than  a  benefit  to  the  abutting  property  for  Mr.  Le  Conte. 
many  purposes,  and  the  repair  expenses  become  such  an  unreasonable 
burden  that  the  city  should,  in  all  equity,  pay  a  still  higher  projiortion 
of  the  same. 

West  of  the  Rockies  most  cities  decline  to  accept  streets  after  im- 
provement, no  matter  how  well  done,  chiefly  to  avoid  the  rejjair  ex- 
penses, biit  also  to  avoid  annoying  law  suits.  As  a  I'esult,  repairs  are 
neglected,  and  the  pavements  soon  get  into  a  bad  condition.  The  City 
of  Oakland  has  102  miles  of  improved  streets,  only  7  miles  of  which 
are  accepted.  One  would  naturally  infer  that  the  trouble  lies  with 
the  State  laws. 

Section  25  of  the  Street  Law  provides  "that  the  City  Council  may 
in  its  discretion  repair  and  water  sti'eets  that  may  have  been  graded, 
curbed  and  j^lanked,  paved  or  macadamized. " 

*■'  &'r/i(»/  20. — That  whenever  any  street  or  portion  of  a  street  has 
been  or  shall  hereafter  be  fully  constructed  to  the  satisfaction  of  the 
Superintendent  of  Streets  and  of  the  City  Council,  and  is  in  good  con- 
dition throughout,  and  a  server,  gas  pipe  and  water  pipes  are  laid 
therein,  under  such  regulations  as  the  City  Council  shall  adopt,  the 
same  shall  be  accepted  by  the  City  Council-  by  ordinance,  and  there- 
after shall  be  kept  in  rejjair  and  improved  by  the  said  municipality, 
the  expense  thereof,  together  with  the  assessment  for  street  work  done 
in  front  of  city  property',  to  be  paid  out  of  a  fund  to  be  provided  by 
said  council  for  that  ptu-jsose. " 

To  an  ordinary  layman  this  langixage  seems  to  be  mandatory,  and 
casts  a  plain  duty  upon  the  city  council. 

Unfortunately  the  irrepressible  "I'athole"  is  found  in  the  pre- 
requisite of  the  streets  being  in  good  condition  throughout,  and  is 
under  the  discretionary  judgment  of  the  council.  Hence  they  almost 
universally  decline  to  accept  any  street  work,  no  matter  how  well 
done. 

Regulations  should  be  adopted  fixing  definitely  a  standard  con- 
dition which  each  class  of  work  shall  fiilfil  befoi-e  it  shall  be  entitled 
to  acceptance  by  the  council,  and  all  subsequent  repairs  and  imjarove- 
ment  should  be  done  at  municipal  expense. 

The  great  stumbling  block  to  an  equitable  adjustment  of  the  bur- 
den seems  to  be  due  to  a  lack  of  proper  classification  of  streets  into 
residence  streets,  business  streets  and  main  thoroiighfares,  the  whole 
character  of  the  work  and  the  requirements  in  each  case  being  entirely 
different.  The  proportion  of  the  cost  of  im^jrovement  to  be  paid  by 
the  city  should  be  dependent  upon  this  classification  (say)  residence 
streets  =  'dQ%,  business  streets  =  bQ%,  and  main  thoroughfares  &0% 
or  more,  and  repairs  should  be  kept  up  at  public  expense.  It  will 
rarely  happen  that  the  whole  character  of  the  traffic  on  a  street  woiild 
change  enough  to  require  a  reclassification. 

Elastic  clauses  in  charters,  although  necessary,  are  too  apt  to  be 
abused,  and  for  this  reason  should  be  very  limited.     The  most   fruit- 
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Mr.  Le  Conte.  ful  soiarce  of  complaint  comes  from  assessments  based  on  the  district 
plan,  tlie  limits  iu  any  case  being  largely  dependent  upon  the  location 
of  i^roperty  held  by  political  friends. 

In  regai'd  to  repairs,  the  recent  requirement  of  10  years'  or  more 
maintenance  by  the  contractor  has  been  passed  upon  twice  by  the 
State  Supreme  Court — once  on  each  side  of  the  case — and  hence  noth- 
ing is  settled  yet.  If  this  clause,  as  it  is  claimed,  simply  insures  ex- 
cellence in  materials  furnished  and  faithful  workmanship,  it  certainly 
should  jDrevail.     Experience  is  the  best  judge  to  settle  the  matter. 

In  regard  to  municipal  works  in  general,  everything  seems  to  be 
pointing  strongly  towards  municipal  ownershi^j,  and  a  marked  degree 
of  paternalism  seems  to  be  a  growing  fact,  developed  spontaneously 
from  sheer  public  necessity. 
Mr.VanOrniini  J.  L.  Van  Ornum,  Assoc.  M.  Am.  Soc.  C.  E. — The  author  wishes  to 
express  his  appreciation  of  the  discussion  of  each  of  the  gentlemen 
who  have  contributed.  It  is  only  by  gleaning  the  results  of  the  widely 
diversified  individual  experience  and  study  that  an  estimate  of  the 
abstruse  subject  of  special  assessments,  which  will  be  at  all  adequate, 
can  be  secured.  Materially  aiding  in  enlarging  the  view  of  this  subject 
ai'e  the  discussions  of  Mr.  Owen,  showing  especially  the  comi^lexity 
of  the  question  and  the  need  of  j^articular  attention  to  the  circum- 
stances attending  each  case;  the  contribution  of  Mr.  Allen  concern- 
ing methods  in  vogue  in  many  Massachusetts  cities;  the  consideration 
of  western  conditions  and  practice  by  Mr.  Le  Conte,  and  the  discus- 
sion of  the  situation  obliging  St.  Louis  to  make  an  extreme  applica- 
tion of  special  assessments,  by  Mr.  McMath.  No  doubt  many  more 
local  peculiarities,  interesting  details  and  valuable  additions  to  our 
knowledge  of  the  subject,  would  result  from  extending  the  range  of 
investigation.  The  new  features  brought  oiit  by  all  the  contributors 
indicate  the  broadness  of  the  field. 

In  addition  to  the  incisive  and  illustrative  features  of  the  discus- 
sions, some  issues  are  raised  with  the  author  which  he  feels  constrained 
to  consider. 

Mr.  Owen  would  omit  from  the  definition  of  a  special  assessment 
the  indication  of  its  public  purjiose,  making  it  solely  a  matter  of  indi- 
vidual concern  to  the  ones  assessed.  Undoubtedly  this  view  is  cor- 
rect, in  so  far  as  its  governing  quality  is  concerned;  but  if  this  is  all, 
how  can  the  course  of  many  cities  be  justified  which  themselves  pay 
for  assessable  improvements,  or  of  the  great  number  of  cities  which 
pay  a  portion,  assessing  only  the  remainder  ?  Further,  under  our 
theory  of  government,  the  city  could  not  even  take  upon  itself  the 
control  of  the  improvement  and  the  levying  of  the  assessment  if  it 
were  not,  theoretically  at  least,  "undertaken  in  the  public  interest." 

The  author  ventures  the  suggestion  that  his  statements  concerning 
assessments   for  paving  on  Brooklyn  streets  carrying  street  railways 
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are  iu  no  way  opposed  to  the  facts  given  by  Mr.  Tillson,  and  is  glad  of  Mr.VanOrmm 
his  enlargement  of  the  argument  in  the  case. 

While  interested  in  Mr.  Ogden's  discussion  the  author  cannot  agree 
that  special  assessments  should  be  based  upon  property  values  in 
whole  or  in  part.  The  author  yields  to  no  one  in  desire  to  secure 
exemption  from  oppression  for  those  in  moderate  financial  circum- 
stances; this  was  one  of  the  ideas  kept  constantly  in  mind  during  his 
writing.  Yet  he  believes  that  the  force  of  Mr.  Ogden's  argument  will 
be  minimized  on  further  reflection.  Some  of  the  paragraphs  of  Mr. 
McMath's  discussion,  as  well  as  particular  statements  and  the  general 
tenor  of  the  paper,  all  indicate  reasons  for  considering  fair  w'hat,  at 
first  sight,  might  be  called  unfair.  Again,  were  the  criticism  to  hold, 
it  would  adopt  the  theoi'y  of  one  State  to  the  condemnation  of  that  of 
nearly  all  the  rest.  The  greatest  objection  to  the  proposed  plan  is 
still  more  fundamental ;  that,  under  it,  a  special  assessment  would  no 
longer  be  a  sjjecial  assessment,  because  property  value  would  become 
the  basis  instead  of  property  benefit.  If  Mr.  Pennyman  chooses  to 
erect  along  his  front,  of  equal  extent  to  the  frontage  of  Mr.  Croesus,  a 
.fence  of  exactly  the  same  kind  as  that  of  the  latter,  no  one  will  claim 
that  he  should  not  pay  as  much  for  it.  If  he  lays  exactly  the  same 
kind  of  sidewalk,  he  should  again  pay  an  equal  amount,  though  fre- 
quently the  city  has  a  voice  in  the  matter.  Exactly  the  same  theory 
holds  when  the  consideration  extends  to  a  pavement,  sewer  or  water 
jiipe,  though  here  the  citizen  usually  loses  his  ojition.  The  actual 
money  value  of  the  benefit  to  the  property  concerned  is  at  least  equal 
to  the  special  assessment  levied. 

Besides,  the  fact  that  the  mathematics  in  Mr.  Terry's  scheme 
seems  to  the  author  considerably  involved,  there  is  the  danger  that 
whatever  might  be  so  gained  in  intrinsic  justness  would  be  more 
than  lost  in  complicating  the  system  to  the  understanding  of  the 
taxpayer.  A  thorough  simplicity  of  procedure,  so  marked  that  its 
principles  of  application  can  be  readily  comprehended  by  even  the 
uneducated,  seems  a  fundamental  necessity,  in  matters  of  taxation, 
in  avoiding  misunderstanding  and  objection  on  the  part  of  those 
assessed. 

Mr.  McMath's  vigorous  statement  of  the  undesirability  of  enhanc- 
ing the  value  of  private  holdings  from  the  jiroceeds  of  general  taxation 
seems  almost  axiomatic;  and  yet  it  must  be  applied  in  practice  with 
caution.  Many  public  functions  would  fail  if  this  idea  were  rigidly 
followed.  Public  i^arks,  for  instance,  cannot  he  inaugurated  without 
gi-eatly  enhancing  the  value  of  private  property  in  the  vicinity ;  and 
yet  we  cannot,  for  this  reason,  condemn  the  purchase  of  city  parks. 
Likewise,  the  author  believes  that  the  truest  justice  will  follow  the 
payment  of  a  certain  portion  of  the  cost  of  assessable  works  from  the 
general  fund,  because  in  that  case  the  city  will  simply  be  assuming  its 
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[r.VanOrnum  just  share,  and  private  ijropertT  will  not  be  forced  to  pay  for  that  por- 
tion of  the  imiirovement  which  is  a  public  benefit. 

At  the  same  time  that  there  is  an  inclination  among  eastern  com- 
munities (where  the  city  has  frequently  borne  a  large  share  of  the 
expense)  toward  assessing  upon  private  property  more  of  the  cost 
of  public  improvements,  it  is  gratifying  to  know  that  in  jjortions  of 
the  West  (where  an  undue  projjortion  is  often  assessed)  the  city  is 
gradually  assuming  a  larger  share.  There  is  the  tendency  to  modify 
each  extreme  of  i^ractice.  Accompanying  such  a  movement  there  is 
always  the  difficult  question  of  properly  adjusting  the  chai'ge  between 
the  municipality  and  the  property  benefited.  Apart  from  the  question 
of  local  conditions,  even  in  one  of  the  simplest  of  the  assessable  works, 
that  of  original  pavements,  the  problem  is  very  complicated ;  though 
the  suggested  classification  of  streets  would  seem  to  oflfer  material 
assistance  in  its  consideration.  When  we  pass  over  all  the  others  and 
come  to  the  question  of  placing  the  charge  for  trunk  sewers,  the  study 
is  an  involved  one  indeed,  as  is  shown  by  the  various  views  of  those 
discussing  this  special  question  as  well  as  by  the  consideration  it  de- 
manded in  the  paper. 

But  really  any  particular  situation  can  never  be  judged  entirely 
ajjart  from  local  conditions.  The  latter  are  always  a  factor  and  fre- 
quently a  very  important  one.  In  each  case  the  experi  opinion  will  be 
the  mser  in  proportion  to  the  range  of  general  data  upon  which  it  can 
draw;  but  the  finished  conception  will  lack  miich  of  merit  unless 
jiidiciously  moulded  to  meet  local  needs. 
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DEDICATORY   PRAYER,   BY   RT.   REV.    H.    C.    POTTER. 

Let  us  pray.  Almighty  and  Everlasting  God,  wlio  art  always  most 
ready  to  hear  our  petitions  and  art  wont  to  give  to  us  more  than  we 
can  desire  or  deserve,  we  tliank  thee  that  thou  hast  taught  us  in  thy 
holy  Word  to  come  to  thee  and  to  ask  thy  heavenly  benediction  upon 
all  our  human  undertakings.  We  are  here  this  afternoon  to  ask  thy 
blessing  upon  this  work,  uj^on  the  crown  of  success  which  thou  hast 
vouchsafed  us  to  put  upon  it,  and  to  beseech  thee  to  take  it  into  thy 
holy  keeping  and  to  make  it  useful  for  those  great  ends  for  which  this 
institution  stands.  We  bless  thee  for  the  revelation  of  thy  law,  as 
in  Nature,  so  in  thy  holy  Word.     We  bless  thee  that  thou  hast  taught 
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lis  how  the  forces  of  Nature  may  be  harnessed  by  the  ingenuity  of 
man  and  made  to  do  the  service  of  man.  We  thank  thee  for  the 
triumphs  of  this  union  in  all  the  history  of  the  century  in  which  we  live, 
so  various  in  its  illuminating  and  transforming  powers,  so  wonderful 
in  its  manifold  illustrations  of  the  word  of  thy  revealed  scriptures 
that  "many  shall  run  to  and  fro  and  that  knowledge  shall  be  in- 
creased," over  the  highways  which  have  been  built  by  the  art  of  men, 
in  which  wisdom  and  light  have  gone  all  around  the  world  and  that 
the  representatives  of  this  institution,  and  those  who  are  like-minded, 
have  carried  to  the  ends  of  the  world  that  which  has  come  from  the 
lamp  of  the  student  and  from  the  patient,  constant  and  vigilant  study 
and  experiment  of  men  who  have  discovered  and  settled  the  laws  by 
which  so  largely  to-day  our  great  natural  forces  are  harnessed  and 
governed  for  the  purposes  of  man.  Grant,  we  pray  thee,  that  the 
wonderful  wisdom  as  thus  wrought  in  thy  universe  may  continue  to 
work  under  thy  divine  and  supervising  guidance,  and  that  all  men 
everywhere  to  whom  thou  hast  given  the  faculties  of  ingenuity,  of 
contrivance,  of  study,  the  art  of  penetrating  the  secrets  of  thy  Word, 
may  be  glad  to  use  them  in  thy  fear  and  to  thy  glory.  We  give 
this  institution  to-day  and  all  who  belong  to  it  into  thy  holy  keeping- 
We  ask  th}^  blessing  upon  its  officers  and  upon  all  present,  and  we 
beseech  thee  that  everyone  here  may  recognize  that  in  what  he  does 
for  art,  for  science,  for  the  upbuilding  of  material  structures,  he  is  thy 
servant  in  the  use  of  thy  divine  forces  to  the  glory  of  thy  holy  name. 
Remember  our  common  country  and  all  who  rule  over  us.  Remember 
all  men  everywhere  who  are  striving  out  of  the  chaos  of  ignorance  and 
waywardness  and  lawlessness  to  bring  mind  and  heart  and  man  into 
subjection  to  the  higher  law,  and  so  finally  to  service  to  thee.  And 
all  this  we  ask  in  the  name  and  for  the  sake  of  Him  who  has  taught  us 
when  we  pray  to  say:  "  Our  Father,  who  art  in  heaven,  hallowed  be 
thy  Name.  Thy  kingdom  come.  Thy  will  be  done  on  earth,  as  it  is  in 
heaven.  Give  us  this  day  our  daily  bread.  And  forgive  us  our  tres- 
passes, as  we  forgive  those  who  trespass  against  us.  And  lead  us  not 
into  temptation;  but  deliver  us  from  evil:  for  thine  is  the  kingdom, 
and  the  power,  and  the  glory,  forever  and  ever.     Amen. 
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ADDRESS  OF  B.   M.   HARROD, 

PRESIDENT,  AM.  SOC.  C.  E. 

Ladies  and  Gentlemen, — I  thank  you,  in  behalf  of  the  American 
Society  of  Civil  Engineers,  for  the  lustre  and  dignity  which  your  pres- 
ence gives  to  the  dedication  of  this  House,  to  the  promotion  of  that 
learning  and  the  encouragement  of  that  professional  and  fraternal 
fellowship  which  are  necessary  to  the  growth  and  influence  of  the 
science  of  civil  engineering. 

Our  intention  in  erecting  this  commodious  building  has  not  been 
limited  to  serving  the  close  uses  of  a  club,  or  even  to  providing  a  pro- 
fessional resort  for  our  own  members.  We  have  been  moved  by 
larger  aims,  and  have  builded  with  the  hope  that  we  might  greatly 
aid  in  promoting  those  objects  of  a  National  Society,  and  in  supply- 
ing those  wants  of  our  profession  which  have  been  made  prominent 
and  important  by  the  extent  and  direction  of  its  evolution  during  the 
present  generation. 

The  discovery  of  new  forces  in  Nature,  and  the  invention  of  new 
methods  of  their  application  to  the  uses  of  man,  have  so  enlarged  the 
field  of  civil  engineering  that  neither  the  duration  of  human  life  nor 
the  limit  of  human  faculties  serves  for  the  acquisition  of  such  a 
knowledge  of  the  details  of  all  of  its  branches  as  is  sufficient  to  insure 
success  in  the  practice  of  each  or  all  of  them.  This  condition  and 
limitation  of  modern  scientific  leai'ning  has  become  so  controlling  that 
it  is  now  necessary  to  prepare  special  courses  of  study,  to  confer  special 
degrees,  to  form  special  social  and  professional  organizations,  and  to 
establish  a  special  press  for  the  mechanical,  the  sanitary,  the  electrical, 
and  other  classes  of  civil  engineers.  Also  the  raiiid  expansion  of  our 
country,  and  the  marvelous  diversity  of  its  tojjographical  features, 
have  in  many  cases  and  localities  limited  the  practice  of  engineers  to 
work  in  a  single  department,  such  as  the  improvement  of  rivers  and 
harbors,  municipal  engineering,  the  extraction  of  ores  and  minerals, 
the  irrigation  of  lands,  and  their  protection  from  overflow.  These 
tendencies,  with  the  great  intervening  distances,  involving  time  and 
expense,  have  made  the  ojiportunities  of  resort  to  a  single  center  so  in- 
frequent and  difficult,  that  the  reasonable  social  and  professional  wants 
of  the  civil  engineer  have  inevitably  led  to  the  formation  of  sjiecial 
or  local  societies. 
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Tbe  variation  from  which  this  evolution  of  the  technical  society  has 
sprung  is  both  natural  and  useful,  and  has  contributed  largely  to  the 
promotion  of  scientific  learning,  the  efficiency  of  the  profession,  and 
the  success  of  its  members. 

But  while  we  recognize  the  obligations  of  the  profession  to  the 
agencies  to  Avhich  I  have  alluded,  the  conviction  still  remains  that  they 
have  not  sufficed  to  bring  its  members  into  that  social  and  professional 
fellowship  which  is  the  evidence  of  healthy  growth,  and  the  outward 
and  visible  sign  of  the  unity  of  the  scientific  knowledge  on  which  the 
best  practice  is  based,  and  of  the  singleness  of  our  ultimate  aims;  nor 
has  their  success  been  sufficient  to  give  our  profession  a  position  in  the 
public  estimation,  as  both  learned  and  responsible,  the  peer  of  law  or 
medicine,  to  which  it  is  entitled  by  the  contributions  it  has  made  to 
the  public  wealth,  happiness  and  safety,  and  which  has  been  accorded 
to  it  in  countries  Avhere  the  motives  of  specialization  and  the  difficul- 
ties of  general  and  personal  association  are  not  so  controlling  as  they  are 
here.  Certainly  the  record  of  American  civil  engineering,  in  difficulty, 
in  magnitude,  in  originality,  in  thoroughness,  and  in  the  opportunity 
it  has  given  for  the  growth  of  the  best  civilization,  is  at  least  comparable 
to  that  of  any  country  or  age.  Certainly  the  labors  of  the  civil  engineers 
in  this  country  have  contributed  a  share  to  its  development  and  pros- 
perity which  has  not  been  exceeded  by  any  other  class  of  her  citizens. 

It  is  worthy  of  consideration,  whether  in  the  diversity  of  study  and 
work  resulting  from  modern  conditions,  we  are  not  losing  sight  of  the 
essential  unity  of  the  profession,  and  of  the  truth  that,  while  mining, 
sanitary,  electrical  or  other  lines  of  engineering  may  be  diflferentiated 
in  practice  by  the  exigencies  of  the  times,  yet  there  is  a  science  of  civil 
engineering  which  is  not  only  a  remainder  after  these  are  taken  away, 
but  an  organized  body  of  correlated  truths  forming  the  roots  and 
trunks  of  a  great  tree  of  knowledge  of  which  these  are  but  the  branches. 
"It  is  not  a  mere  juxtaposition  of  parts,  but  a  complex  organic  whole, 
and  its  different  departments  are  so  closely  allied  that,  without  a 
general  knowledge  of  all,  it  is  impossible  to  have  a  complete  com- 
l^rehension  of,  or  eminent  success  in,  any." 

With  this  view,  the  birth,  the  growth  of  every  special  or  local 
society,  and  the  expansion  of  the  field  of  its  labors,  is  but  another 
reason  for  co-ordination,  and  the  application  of  their  accumulated  in- 
fluence and  resources  to  a  common  purpose,  to  the  promotion  of  learn- 


ADDRESSES  AT  OPENING  OF  NEAV  SOCIETY  HOUSE.  427 

ing  and  the  prosperity  of  our  jirofession,  through  the  agency  of  a 
single  organization,  in  which  they  may  all  tind  representation  and 
alliance. 

It  is  fit  that  this  unity  and  breadth  of  the  science,  and  the  interest 
of  American  civil  engineering,  should  find  an  exponent  in  a  National 
Society,  where  all  engineering  knowledge  and  all  of  its  departments 
shall  receive  adequate  consideration;  where  engineers  from  all  parts  of 
the  country  can  meet  for  the  formation  of  friendly  ties  or  the  exchange 
of  professional  views,  and  where  measures  for  the  promotion  of  the 
welfare  of  civil  engineers  and  of  civil  engineering  can  be  concerted 
with  such  full  and  impartial  consideration  of  all  of  their  aspects  as 
will  command  national  attention  and  respect. 

Among  the  functions  which  have  been  or  can  be  properly  exercised 
by  such  a  society  for  the  increase  of  the  dignity  and  strength  and  good- 
fellowship  of  the  entire  profession,  I  may  mention  the  conventions 
now  annually  held  in  different  parts  of  the  country,  both  the  social 
and  professional  results  of  which  have  been  of  much  interest  and 
value;  also  the  appointment  of  select  special  committees  for  the  ex- 
amination of  questions  of  material  or  method,  concerning  which  prac- 
tice is  uncertain  or  unsettled;  also  the  excursion  of  American  Civil 
Engineers  to  the  Paris  Exposition,  and  other  parts  of  Euroj^e,  in  1889; 
also  the  reception  and  entertainment  of  foreign  engineers,  the  organ- 
ization of  the  Engineering  Congress  and  the  publication  of  the 
Transactions  of  that  Congress,  on  the  occasion  of  the  Chicago  Exposi- 
tion in  1893,  from  which  sprung  that  most  useful  Society  for  the  pro- 
motion of  engineering  education;  also  the  timely  presentation,  by 
memorial  and  committee,  of  important  subjects  of  applied  science  to 
the  attention  of  Congress;  also  the  publication  of  transactions  by  such 
a  society,  proportioned  in  range,  in  value  and  volume  to  its  member- 
ship; also  the  collection  of  a  comprehensive  library,  and  the  adoption 
of  liberal  rules  for  its  use;  and,  I  may  add,  the  building  of  a  House 
where  all  these  plans  may  be  considered  and  matured;  where  all  re- 
corded technical  knowledge  can  be  safely  stored  and  made  available; 
where  civil  engineers  can  meet  to  form  and  strengthen  the  ties  which 
should  bind  professional  brethren  together;  to  seek,  by  reference  or 
conference,  such  information  as  they  may  need  for  projected  work, 
and  to  participate  in  or  otherwise  j^romote  the  dignity,  the  welfare 
and  the  jsleasures  of  a  professional  life. 
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This  Society  stands  foi'  the  increase  of  both  general  and  special 
scientific  culture  in  civil  engineering;  for  the  extension  of  professional 
and  jjersonal  fellowshii),  based  on  this  general  culture,  among 
engineers  engaged  in  any  of  its  various  branches,  and  in  all  parts  of 
the  country;  and  for  such  just  increase  in  the  standards,  the  dignity, 
the  rights  and  the  emoluments  of  the  profession  as  may  be  expected  to 
follow  earnest  and  intelligent  organization  and  co-operation.  This 
House  is  dedicated  to  these  uses. 

It  is  not  without  a  serious  sense  of  responsibility  that  we  introduce 
our  Society  to  this  new  and  enlarged  stage  of  its  life.  In  the  past, 
since  its  birth  in  1852,  its  growth  in  members,  in  resources  and  in  good 
work,  has  been  so  rapid  and  uninterrupted  as  to  vindicate  the  raisoti 
d'etre  of  a  National  Association  of  Civil  Engineers.  It  has  acquired 
new  strength  by  the  use  of  its  powers.  But  the  anxieties  of  a  new  and 
larger  life  are  on  our  shoulders,  and  we  invoke  and  welcome  the  kind 
offices  and  interest  of  our  friends.  From  our  members  we  ask  a 
vigilant  and  sustained  interest  in  the  objects  and  administration  of  the 
affairs  of  the  Society ;  from  their  sweethearts  and  wives  that  they  will 
exact  a  paper  from  their  correlated  members,  and  insist  on  attending 
the  next  Annual  Convention;  and  from  civil  engineers  and  the  en- 
lightened public  a  serious  consideration  of  the  relation  which  the 
Society  bears  to  the  welfare  of  the  profession  and  the  progress  of  our 
country,  and  the  service  which  it  has  already  rendered,  and  can  render, 
in  an  increasing  degree,  in  the  future. 

Let  me  again  thank  you  for  the  interest  and  good  wishes  which  are 
expressed  by  your  presence  here  to-day,  and  welcome  you  to  our  New 
Societv  House. 
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ADDRESS  OF   GEN.    WILLIAM  P.  CRAIGHILL, 
PAST=.PRESIDENT.  AM.  SOC.  C.  E. 

Mr.  President,  Ladies  and  Qentlemeii, — I  think  myself  fortunate  in 
having  the  j^rivilege  in  this  public  way  to  be  able  to  congratulate  the 
American  Society  of  Civil  Engineers  upon  the  auspicious  event  which 
brings  us  together  to-day,  marking,  as  it  does,  a  great  stej)  forward 
for  the  Society  in  material  jirosperity. 

It  has  been  suggested  that  it  would  be  appropriate  for  me  to  speak 
from  the  standpoint  of  the  military  engineer.  This  I  therefore  do, 
and,  follo^ving  the  very  proper  intimation  contained  in  the  invitation 
extended  to  me  by  the  Committee  of  Arrangements,  I  will  be  brief. 

What  I  shall  say  will  be  in  the  direction  of  indicating  the  influence 
upon  the  profession  of  civil  engineering  which  has  been  exerted  by 
the  military  engineers  of  this  country  and  the  reasons  for  it.  In  so 
doing  I  must  necessarily  refer  to  the  Military  Academy  at  West  Point, 
and  to  the  Corps  of  Engineers  of  the  Ax'my,  and  I  trust  to  be  excused 
if  my  words  should  be  warm  concerning  the  Alma  Mater  who  gave 
me  professional  birth,  and  concerning  my  professional  brothers  in  the 
Corjjs  of  Engineers,  all  her  sons,  ^ith  whom  I  have  been  associated 
for  more  than  forty-four  years  in  the  service  of  our  country. 

Fii'st,  it  is  true  that  the  properly  prepared  military  engineer  must 
necessarily  have  also  the  general  education  of  the  civil  engineer  in 
the  ordinary  use  of  that  term.  In  the  structures  he  builds  he  is  called 
upon  to  use  all  the  materials,  wood,  earth,  stone  and  metals  which 
are  found  in  the  works  of  the  civil  engineer.  The  structures  of  the 
military  engineer  are  peculiar  in  their  forms  and  arrangements  in  order 
to  suit  them  to  their  special  functions.  So  far  as  their  foundations 
and  stability  are  concerned,  under  the  various  strains  to  which  they  are 
to  be  exposed,  they  must  conform  to  the  usual  rules  for  civil  works. 
But  they  are  also  liable  to  sudden  and  violent  shocks  from  the  impact 
of  the  huge  missiles  of  modern  war,  which  may  strike  them  with  their 
highest  velocities,  and  special  i^rovision  must  be  made  to  meet  these 
special  conditions.  Therefore,  at  the  Military  Academy  at  West 
Point,  the  ediacation,  from  its  beginning  to  its  close,  leads  one  through 
text  books  on  pure  and  applied  mathematics,  chemistry,  mineralogy, 
draughting,  surveying,  the  laws  of  civil  engineering,  and  finally  the 
specialty  of  military  engineering. 
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In  the  earliest  days  of  our  country  the  engineer  of  any  kind  was 
hard  to  find.  Many  peojjle  suppose  a  man  to  be  an  engineer  who  is 
only  a  surveyor.  An  engineer  should  be  conversant  with  the  duties  of 
the  surveyor,  but  a  man  could  be  an  excellent  surveyor  all  his  life  and 
not  be  an  engineer  at  all.  Washington  was  a  surveyor  in  his  youth, 
and  doubtless  could  have  become  a  great  engineer,  but  an  inspection 
of  the  site  of  Fort  Necessity,  not  far  from  Pittsburg,  where  he  was 
forced  to  surrender  to  the  French,  would  not  lead  one  to  conclude 
that  he  was  well  versed  at  that  time  in  the  art  of  the  military  engineer. 
He  no  doubt  did  the  best  that  the  circumstances  permitted,  many  of 
which  we  do  not  know. 

In  the  campaigns  of  the  Revolutionary  War,  Washington  felt  the  need 
of  native  military  engineers,  and  was  obliged  to  depend  on  foreigners, 
mainly  Frenchmen.  But  among  them  was  one  distinguished  Pole, 
Kosciusko,  to  whom  a  monument  stands  at  this  day  at  West  Point,  the 
scene  of  his  labors  in  the  defence  of  that  important  post,  which 
Washington  himself  knew  well  and  where  he  had  his  headquarters 
when  the  discovery  of  Ai'nold's  treason  occurred. 

As  early  as  October,  1776,  a  committee  of  the  Continental  Congress 
recommended  that  the  Board  of  War  be  directed  to  jirovide  a  military 
academy,  and  this  scheme  was  highly  favored  by  General  Knox,  one 
of  the  leading  military  authorities  of  the  time.  General  Washington 
never  ceased  during  the  war  to  call  the  attention  of  Congress  to 
the  importance  of  a  systematic  organization  of  the  army  and  the  educa- 
tion of  its  oflBcers  in  scientific  knowledge  and  for  this  reason  he 
urged  the  establishment  of  a  militai'y  academy.  This  he  continued  to 
do  from  the  close  of  the  war  in  1783  to  the  end  of  his  life  in  1799. 

The  law  of  1802  created  a  corps  of  engineers  which,  as  its  words 
state,  "shall  constitute  a  military  academy."  This  law  was  approved 
by  Jefferson  as  President,  though  he  alone,  when  a  member  of  the 
cabinet  of  Washington,  had  doubted  in  1793  the  constitutionality  of 
a  military  academy.  The  academy  was  located  at  West  Point,  a  place 
peculiarly  fitted  for  such  an  institution. 

We  have  now  many  most  valuable  technical  schools,  and  several  of 
them  are  not  surpassed  by  any  similar  schools  in  the  world.  At  these 
engineering  is  specially  taught  much  more  fully  and  extensively  in  all 
branches,  except  the  military  and  naval,  than  is  possible  at  West  Point 
with  its  peculiar  limitations,  but  the  Military  Academy  at  West  Point 
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was  the  first  school  of  engineering  in  this  country  and  for  a  long  time 
the  only  one.  In  the  excellence  of  its  methods  and  course  of  instruc- 
tion it  claims  to  have  been  progressive  and  to  be  now  the  equal  of  any 
school,  so  far  as  thoroughness  goes,  having  in  view  the  special  duties 
to  which  its  graduates  are  likely  to  be  called. 

But  the  Corps  of  Engineers  of  the  Army  is  older  than  the  Military 
Academy,  inasmuch  as  General  Washington  was  authorized  in  Decem- 
ber, 1776,  to  raise  and  collect  for  six  months  a  corps  of  engineers;  but 
for  want  of  proper  material  in  the  country  he  could  accomplish 
nothing.  On  July  8th,  1777,  several  of  the  officers  of  the  Royal  Corps 
of  French  Engineers  were  commissioned.  From  the  lack  of  trained 
engineers  in  the  native  continental  establishment,  their  assistance  was 
highly  appreciated,  and  for  many  years  this  foreign  influence  jsre- 
dominated  in  the  service.  As  late  as  1816,  a  prominent  French  en- 
gineer was  employed  to  assist  in  planning  some  of  the  defensive  works 
of  this  country.  He  had  served  creditably  on  the  staff  of  the  great 
Napoleon.  This  was  General  Bernard.  His  views  are  largely  exem- 
plified at  Fort  Monroe,  where  he  planned  a  kind  of  fortress  somewhat 
after  the  European  idea  to  which  he  was  accustomed,  but  it  is  a  style 
not  in  accordance  with  American  ideas  or  institutions. 

On  March  11th,  1779,  a  corps  of  engineers  was  formally  estab- 
lished, and  its  first  chief  was  a  Frenchman.  In  1783,  at  the  close  of 
the  war,  this  corps  was  disbanded.  In  1794,  a  new  organization  was 
formed,  including  engineers  and  ai'tillerists,  which  was  modified  by 
later  and  successive  laws,  until  in  1802  the  President  was  authorized 
to  organize  and  establish  a  corps  of  engineers  to  constitute  a  military 
academy  and  to  be  stationed  at  West  Point. 

Beside  the  usual  duties  of  military  engineers,  which  are  those  of 
constructing  temi)orary  and  permanent  fortifications,  military  bridges 
and  siege  works,  in  making  military  reconnaissances  and  surveys,  the 
preparation  and  use  of  mines  and  torpedoes  in  coast  defence,  etc., 
they  have  been  called  upon  in  time  of  peace  to  i^lan  and  execute  works 
of  river  and  harbor  improvement,  to  build  lighthouses,  plan  docks  for 
the  Navy,  and  to  undertake  and  comijlete  many  other  public  works, 
such  as  the  introduction  of  water  into  the  City  of  Washington,  the 
supervision  of  the  construction  of  public  buildings,  such  as  the  Wash- 
ington Monument  in  Washington,  the  Cajjitol,  the  Post-Office  Depart- 
ment, the  Interior  Deijartment,  the  Smithsonian  Institution,  the  New 
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Congi-essional  Library,  etc.,  to  execute  siirveys  for  tlie  transconti- 
nental and  other  railways,  to  lay  down  boundaries,  etc. 

It  is  tlius  manifest  tliat  the  military  engineers  have  had  a  very 
great  variety  of  duties,  and  the  course  of  instruction  at  West  Point 
has  been  such  as  would  prepare  the  men  as  far  as  possible  for  the 
duties  imposed  upon  them.  A  great  number  of  civilians  have  been 
associated  with  the  military  engineers  in  their  varied  duties.  While 
I  held  the  office  of  Chief  of  Engineers,  it  was  found  that  there  were 
over  five  thousand  men  serving  in  the  engineer  department  all  over 
the  United  States,  in  the  grades  of  engineer,  surveyor,  draughtsman, 
rodman,  chainman,  recorder,  clerk,  superintendent,  inspector,  over- 
seer, pilot,  etc.,  not  including  the  still  greater  number  of  persons 
hired  by  contractors. 

Many  of  these  employees  of  the  engineer  department  have  become 
prominent  as  civil  engineers,  and  much  credit  is  due  them  for  the 
results  of  their  labors.  No  one  is  more  anxious  than  I  am  to  have 
them  receive  the  credit  which  is  their  just  due.  A  number  of  these 
men  are  now  Members  of  this  Society.  I  am  sure  that  very  much  of 
any  professional  reputation  I  may  have  is  due  to  the  cordial,  loyal 
and  able  assistance  I  have  had  from  my  subordinates,  both  in  and  out 
of  the  Corps  of  Military  Engineers. 

Many  engineer  officei's  have  from  time  to  time  resigned  and 
become  distinguished  as  civil  engineers,  as  teachers  and  otherwise. 
The  superintendence  of  the  construction  of  one  of  the  greatest  and 
earliest  railroads  in  Europe,  that  between  St.  Petersburg  and 
Moscow,  w^as,  from  1842  to  1849,  in  charge  of  Major  Whistler,  an 
American  engineer. 

The  writings  of  some  of  the  officers  of  the  Corps  of  Engineers 
were  standard  authorities  in  their  time  ;  for  example,  Wright,  Totten 
and  Gillmore,  on  mortars,  limes,  cement  and  concrete;  Woodbury,  on 
the  arch  ;  Halleck.  on  asjjhalts  ;  Sanders,  on  pile-driving  ;  Mahan, 
on  civil  engineering,  etc.  The  extensive  use  of  asphalt  and  concrete 
in  this  country  may  be  said  to  have  originated  with  the  Corps  of 
Engineers  on  works  of  fortification.  The  superintendents  and  pro- 
fessors of  the  Military  Academy  have  almost  all  been  taken  from  the 
Corps  of  Engineers. 

Here  let  me  introduce  some  short  extracts  from  the  writings  of 
another : 


I 
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"  Up  to  about  1831,  the  officers  of  the  Corj^s  of  Engineers  were  to 
a  great  degree  the  repositors  in  this  country  of  that  knowledge  which 
was  requisite  for  the  purpose  of  making  accurate  surveys.  The  loca- 
tion and  construction  of  the  roads,  canals  and  bridges  built  for  the 
development  of  the  resources  of  the  country,  and  the  accurate 
methods  of  surveying,  geodetic,  topographic  and  hydrographic,  now 
in  use,  are  in  a  great  measure  due  to  the  talents  and  labors  of  its 
officers. 

"Very  many  of  the  great  routes  of  internal  communication  in  the 
interest  of  commerce  and  speedy  transit,  now  in  existence  in  the  coun- 
try, were  first  explored,  located  and  projected  by  officers  of  this  corps. 
The  files  of  the  bureau  of  the  corps  in  Washington  and  the  congres- 
sional documents  are  rich  in  reports  upon  the  works  of  this  charac- 
ter that  have  been  examined  into  under  authority  of  law  by  the  Corps 
of  Engineers. 

"  In  the  matter  of  imjarovement  of  rivers  and  harbors,  in  the  in- 
terest of  commerce,  the  Corps  of  Engineers  has  had  almost  the 
exchisive  control,  and  the  information  on  this  subject  contained  in 
the  reports  of  its  officers,  from  the  early  years  of  this  century  to  the 
present  time,  now  filed  in  the  bureau  of  the  corps,  is  a  monument  to 
its  labors,  and  a  most  valuable  collection  of  precedents  to  be  used  in 
the  future  prosecution  of  such  works. 

'The  surveys,  examinations  and  constructions  which  have  been 
made  by  officers  of  the  corps,  have  not  been  confined  to  such  matters 
as  are  solely  in  charge  of  the  War  Department.  From  time  to  time 
the  State  Department,  the  Navy  Department,  the  Treasury  Depart- 
ment and  the  Interior  Department  have  employed  its  officers  in  the 
running  of  boundary  lines,  and  the  surveys  for  the  maj^s  necessary 
to  be  used  in  delicate  diplomatic  negotiations;  in  the  surveys  for, 
and  the  construction  of,  dock-yards  ;  the  surveys  for  canal  routes 
across  the  Isthmus  of  Panama  and  elsewhere;  upon  astronomical  ob- 
servations in  the  interest  of  science;  in  the  surveys  of  the  coasts,  the 
planning  and  construction  of  lighthouses  and  other  fixed  aids  to 
navigation;  the  planning  and  construction  of  public  buildings,  of 
custom  houses,  post  offices,  marine  hospitals,  etc. 

"  Scarcely  a  branch  of  engineering,  whether  military  or  civil,  can 
be  mentioned  that  has  not  been  improved  and  exj^anded  by  the  study 
and  labors  of  the  officers  of  this  corps. 

"  It  is  difficult  to  enumerate  all  the  duties  which  may  have  been,  or 
which  can  be  devolved  on  the  Corps  of  Engineers  in  time  of  peace.  As 
the  duties  generally  are  such  as  require  familiarity  with  the  sciences 
and  arts,  any  duty  which  the  Government  needs  performed  which  in- 
volves the  ajDplication  of  this  character  of  learning,  and  comes  within 
the  professional  training  of  the  several  members  of  the  corps,  may  by 
law  be  devolved  by  the  President  \ipon  them." 
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I  think  what  has  been  said  is  a  suflBcient  ground  foi-  the  belief  on 
my  part,  and  its  statement  in  this  presence,  that  the  education  and 
discipline  of  West  Point,  supplemented  by  the  methods  used  in  the 
practice  of  the  officers  of  the  Corps  of  Engineers  of  the  Army,  have 
had  a  very  great  influence  upon  the  profession  of  engineering  in  this 
country,  and  that  influence  has  been  to  a  very  large  extent  beneficial 
and  creditable. 

In  conclusion,  Mr.  President  and  brother  engineers,  I  affirm  that 
the  profession  of  the  engineer  is  one  of  the  noblest  and  most  useful 
which  is  open  to  man.  It  is  also  one  of  the  most  ancient.  It  is  a 
curious  historical  fact  that  the  title,  Pontifi",  of  the  head  of  the  Koman 
Catholic  Church,  is  derived  from  pontifex  maximuft,  which  means  the 
chief  bridge  builder  or  engineer;  and  this  was  also  the  title  of  one  of 
the  most  important  functionaries  of  Rome  long  before  the  rise  of  the 
Christian  Church,  originating  with  Numa,  and  held  by  many  of  his 
successors. 

I  am  proud  to  have  been  an  engineer  for  nearly  half  a  century, 
and  I  am  proud  now  to  be  a  member  of  this  American  Society  of  Civil 
Engineers.  May  her  ends  be  always  high,  noble  and  honorable,  and 
may  membershiii  in  our  society  be  always  a  guarantee  of  ability, 
honor  and  faithfulness  in  the  performance  of  duty.  It  has  been 
thought  by  some  that  we  should  have  a  written  code  of  ethics  for  our 
guidance.  I  do  not  believe  that  such  a  code  is  necessary,  provided 
we  regulate  our  professional  conduct  by  that  rule  which  is  able  to 
cover  every  possible  case  between  man  and  man,  the  Golden  Rule, 
in  its  true,  broad  sense:  Do  to  all  men  as  you  would  have  them  do 
to  you. 

Before  taking  my  seat  I  beg  the  indulgence  of  this  body  of  engi- 
neers to  refer  to  something  in  which  every  engineer  is  interested,  and 
the  military  engineer  in  i3articular.  It  has  been  said  by  some  that 
the  peculiar  duties  of  engineers  in  peace  unfit  them  for  the  successful 
command  of  troops  in  the  field.  Let  me  state  a  few  facts  about  this 
matter  from  our  own  history :  When  the  late  Civil  War  was  closed, 
the  Army  of  the  Potomac,  that  magnificent  body  of  veteran  soldiers, 
was  commanded  by  Meade,  an  ex-officer  of  the  Corps  of  Engineers. 
Evei'y  corps  in  that  army  except  the  cavalry  was  also  commanded  by 
an  officer  of  engineers.  This  was  also  true  of  two  of  the  corps  in  the 
Army  of  the  James,  which  co-operated  with  the  Army  of  the  Potomac. 
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McPherson,  who  fell  at  Atlanta,  and  Mansfield,  wlio  fell  at  Antietam, 
were  two  of  the  earliest  brigadiers  of  the  regular  army  in  that  war, 
and  both  came  from  the  Corps  of  Engineers. 

In  two  of  the  most  critical  and  fiercely  contested  battles  of  the 
war,  Antietam  and  Gettysburg,  both  armies  were  commanded  by  ex- 
officers  of  the  Corps  of  Engineers;  at  Antietam,  McClellan  and  Lee; 
at  Gettysburg,  Meade  and  Lee.  Rosecranz  and  Weitzel  were  also 
officers  of  engineers.  On  the  Southern  side,  among  their  greatest 
soldiers  were  Robert  E.  Lee,  Joseph  E.  Johnston  and  Beauregard,  all 
ex-officers  of  the  Corps  of  Engineers.  On  both  sides  were  many  other 
engineer  officers  whose  names  I  could  give,  such  as  Newton,  Whiting, 
Ruger,  Wilson,  MacKenzie,  Poe,  Abbott,  Putnam,  O'Rourke,  Merrill 
and  others,  who  were  distinguished  as  soldiers  commanding  troojjs. 
All  this  could  not  have  come  bv  accident. 
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ADDRESS    OF   J.  Q.  SCHURMAN,  LL.D., 
PRESIDENT  OF  CORNELL  UNIVERSITY. 

Mr.  President,  Ladies  and  Gentlemen,— IjWe  the  preceding  speaker, 
I  received  a  hint  to  be  brief,  and,  like  him,  I  shall  endeavor  to  follow 
the  suggestion.  But  in  the  few  minutes  which  have  been  allotted  to 
me  I  want,  at  any  rate,  Mr.  President,  to  convey  to  you  our  sincere 
congratulations  on  finding  you  housed  in  so  beautiful  a  building  and 
in  such  an  excellent  location.  It  is  becoming  your  j^rofession  to  be 
progressive.  Engineers  are  always  moving  forward.  I  never  heard 
of  stationary  engineers;  or,  I  never  heard  of  but  one,  and  that  was 
during  the  Civil  War,  when  Lincoln  was  anxious  that  McClellan 
should  move  on  to  Kichmond,  while  the  General  kept  hovering 
about  the  banks  of  the  James.  Some  one  called  at  the  White 
House,  and,  knowing  that  McClellan  was  not  in  especially  high 
favor  just  then,  ventured,  at  any  rate,  to  commend  him  as  an  engi- 
neer. "Yes,"  said  Lincoln,  after  listening  to  him,  "yes — but  a 
stationary  engineer."  This  Society  does  not  give  any  evidence  of 
such  an  attribiite.  It  is  true  to  the  requirements  of  the  profession — 
it  is  advancing. 

Your  Society  is  very  closely  related,  it  seems  to  me,  to  what  is  most 
characteristic  of  our  American  civilization.  If  we  go  to  the  old  world 
— if  we  go  to  Paris,  or  to  Rome,  or  to  London — we  are  shown  there 
great  collections  of  art,  or  memorable  buildings,  or  venerable  libraries, 
in  which  books  and  treasures  may  be  found  thousands  of  years  old;  but 
when  strangers  come  to  our  country,  we  have  nothing  of  that  kind  to 
show  them.  We  deplore  that  art  with  us  is  almost  in  its  infancy;  that 
as  yet  we  have  produced  no  poem,  no  jDhilosophy,  no  great  work  of  art 
which  will  rank  with  first-class  productions  of  the  same  kind  in  the  old 
world.  But  we  show  them  our  bridges,  our  colossal  buildings,  our  vast 
systems  of  railway,  our  electric  lighting  and  other  industrial  organiza- 
tions, and  we  feel  that  in  these  things  are  embodied  the  most  distin- 
guished achievements  of  the  American  si^Lrit.  And  our  greatest  men, 
as  General  Craighill  has  indicated  to  you,  have  themselves  been  en- 
gineers. Washington,  he  says,  was  only  a  surveyor;  but  I  suppose 
in  those  times  he  might  have  passed  for  an  engineer,  and  I  often 
wonder  whether  the  experience  which  he  gathered  in  "West  Virginia 
and  on  the  banks  of  the  Ohio  may  not  have  had  something  to  do  with 
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the  wonderful  skill  with  which  he  couducted  his  marches  and  counter- 
marches and  triumphant  retreats. 

Well,  it  is  natural  for  us  as  Americans,  you  see,  to  congratulate 
the  engineers.  We  know  them,  we  appreciate  their  works,  and  we 
are  aware  that  their  achievements  are  not  limited  to  oiir  own  con- 
tinent. If  we  look  to-day  at  the  map  of  Africa,  what  changes  have 
been  wrought  upon  it  within  the  memory  of  men  now  living,  within 
the  last  ten  or  fifteen  years,  mainly  by  the  engineer!  Only  this  month 
they  have  opened  a  new  line  of  railway  which  connects  Buluwayo  in 
the  interior  with  the  Cape  of  Good  Hope;  and  at  Buluwayo,  within  the 
last  two  decades,  there  lived  a  monster  who  ruled  over  the  district,  in 
which,  as  some  of  you  know,  all  sorts  of  atrocities  were  practiced. 
What  has  wrought  the  change?  Simply  the  triumj^hs  of  the  engineer 
in  bringing  into  the  heart  of  Africa  the  civilizing  influences  which, 
through  lack  of  communication  and  intercommunication,  had  hitherto 
been  excluded.  Or  look  at  India.  When  the  Declaration  of  Independ- 
ence came  out,  the  British  held  only  a  few  acres  of  ground  for  a  trading- 
fort.  What  has  happened  since?  Why,  at  the  present  time,  between 
three  and  four  hundred  million  people  there  are  subjects  of  Queen 
Victoria.  That  achievement  is  no  doubt  due  to  many  causes.  It  is  due 
to  the  political  skill  with  which  the  English  have  used  the  natives  to 
tight  their  battles;  but  it  is  due  also  to  the  invention  of  James  Watt, 
who  made  it  possible  to  connect  the  seacoast  with  the  empire  beyond 
the  sea,  and  it  is  due  also  to  the  engineering  skill  by  which  roads  and 
railroads  have  been  run  in  and  through  every  part  of  India.  When 
Li  Hung  Chang  visited  us,  some  of  you  will  remember  that  while  he 
claimed  for  his  own  j^eople  that  in  philosophy  and  in  works  of  reflec- 
tion they  equaled  the  profoundest  philosophers  that  the  world  had 
yet  produced,  they  were  yet  behind  Europe  and  America,  because 
they  lacked  what  we  have  here  and  what  you  represent  to-day — the 
science  of  engineering. 

Nor  are  the  achievements  of  your  profession  merely  or  ijerhai:)s 
primarily  of  a  practical  order.  It  is  in  the  world  of  practice,  of 
course,  that  we  see  the  results.  But,  nevertheless,  your  profession 
ranks  you  with  scholars,  with  the  men  who  practice  the  learned  voca- 
tions. It  is  only  within  the  last  generation  that  that  has  been  recog- 
nized. But  now  in  all  our  universities,  the  oldest  as  well  as  the 
newest,    schools   of  engineering  are  established   and   the   men   who 
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graduate  in  them  are  placed  on  the  same  footing  as  the  men  who  grad- 
uate in  what  used  to  be  called  the  learned  professional  schools.  If 
you  take,  for  instance,  the  profession  of  law,  there  is  not  an  institu- 
tion in  the  United  States  which  has  so  long  a  course  for  its  graduates 
as  many  of  them,  and  perhaps  most  of  them,  require  from  the  civil 
engineer;  and  if  only  a  few  years  ago  men  could  walk  from  the  streets, 
as  it  were,  into  the  law  schools,  that  has  never  been  true  of  the  schools 
of  civil  engineering,  and  the  best  of  them  to-day  require  of  those  who 
matriculate  a  knowledge  of  mathematics,  which  is  equal  to  that 
formerly  required,  in  the  old-fashioned  colleges,  of  the  graduates  in 
the  B.  A.  course.  We  are  coming  to  recognize  throughout  the  country 
that  engineering  is  a  learned  profession,  and  that  the  men  who  prac- 
tice it  need  the  same  sort  of  scientific  training  and  professional  culture 
that  is  demanded  of  practitioners  in  law  and  in  medicine.  And  the 
reason  for  this  is  perfectly  clear.  The  engineer  is  applying  the  laws 
of  Nature.  Before  you  can  have  applied  science  you  must  have 
science  to  apjjly,  and  the  works  of  the  engineers  rest  on  such  funda- 
mental sciences  as  mathematics,  physics  and  chemistry,  and  no  one 
can  master  these  sciences  in  the  thorough  way  which  is  now  required 
for  the  solution  of  the  great  engineering  problems  of  the  age— no  one, 
I  say,  can  master  them  in  a  shorter  time  than  that  which  is  devoted  to 
the  study  of  law  or  to  the  study  of  medicine. 

I  am  glad  to  think,  Mr.  President,  that  James  Watt,  whom  I  have 
already  mentioned,  although  he  lived  over  a  hundred  years  ago,  and 
before  engineering  schools  had  been  established  in  any  of  our  univer- 
sities or  in  any  universities  in  the  world,  was,  nevertheless,  associated 
with  a  university.  On  account  of  ill-health  he  was  unable  to  complete 
his  apprenticeship,  and  the  guild  to  which  he  belonged  refused  to  per- 
mit him  to  practice  or  to  work  in  the  City  of  Glasgow.  But  the  college 
took  care  of  him.  They  appointed  him  mathematical-instrument- 
maker,  and  it  Avas  while  he  held  this  subordinate  position  in  the 
University  of  Glasgow  that  he  began  those  studies  on  the  Newcomen 
engine— which,  as  you  know,  was  merely  a  steam  pump — he  began 
those  studies,  I  say,  which  resulted  in  the  production  of  the  steam 
engine  with  a-  separate  condenser.  It  is  a  satisfaction  to  me  as  a  uni- 
versity man  to  recall  that  Watt,  whom  we  may  in  some  respects  regard 
as  the  founder  of  engineering  science,  was  in  that  way  associated  with 
the  universities. 
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If  I  were  asked  what  the  desiderata  of  the  engineering  profession, 
as  we  see  it  at  the  present  day,  are,  I  should  answer,  first  of  all,  you 
need,  as  all  the  learned  jjrofessions  need,  to  know  more.  Nature 
spreads  out  around  us  with  infinite  mystery.  We  have  dipped  in  here 
and  there  and  made  shallow  soundings;  but  the  dimensions  of  attained 
knowledge,  even  if  we  take  the  knowledge  of  the  race,  are  ludicroiisly 
small  in  comparison  with  the  great  ocean  of  mystery  that  stretches 
beyond.  The  ideal  of  the  civil  engineer — he  may  never  attain  it — but 
his  ideal,  if  he  is  true  to  his  profession,  is  so  to  master  the  laws  of 
Nature  that  man  may  be  able  to  control  the  powers  of  Nature  and  to 
make  them  serve  his  uses  and  minister  to  his  needs.  I  often  think 
that  Shakespeare,  universal  genius  as  he  was,  defined,  too,  the  ideal 
of  your  profession.  In  his  ripest,  and  I  suppose  his  latest  play,  "The 
Tempest,"  he  has  given  us  in  Prospero  the  embodiment  of  the  en- 
gineer, as  also,  Mr.  President,  the  embodiment  of  the  genius  of  true 
Christianity.  Prospero  is  the  man,  you  remember,  who  can  forgive 
his  enemies— forgive  the  brother  Avho  has  ruined  him  and  dethroned 
him,  and  pray  for  those  who  despitefully  use  him.  But  he  is  also  the 
magician  who  can  so  wield  all  the  powers  of  Nature  that  he  has  but  to 
speak  and  the  thing  he  wills  is  done.  So  long  as  there  is  crime  or  sin 
in  the  world  there  will  be  place  for  the  preachers  and  the  reformers 
and  the  prophets;  and  so  long  as  you,  gentlemen  of  this  Association 
of  Civil  Engineers,  fall  short  of  that  wonder-working  ideal  which  is 
embodied  in  Prospero,  will  there  be  work  and  abundant  work  for  you 
to  do.  May  I  venture  to  express  the  hope  and  the  earnest  wish  that 
your  housing  in  this  commodious  building  may  in  some  measure  con- 
tribute to  that  high  end. 
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ADDRESS  OF  HON.   JOSEPH    H.   CHOATE. 

Mr.  President  mid  Ladies  and  Oentlemen, — Unfortunately  for  yoii 
I  have  received  no  intimation  to  be  brief.  But  my  safety  lies,  and 
yours  too,  in  my  little  knowledge  of  the  subject  in  hand.  It  was  a 
great  philosopher  who  said  "  One  thing  I  know — that  I  know  nothing," 
and  always  afterwards  he  was  regarded  as  one  of  the  greatest  and 
wisest  of  mankind.  But  I  do  feel  very  grateful  for  the  opportunity 
that  has  been  given  me  on  behalf,  as  it  was  suggested  by  the  Commit- 
tee, of  the  other  professions,  of  welcoming  this  youngest,  most  vigor- 
ous, and,  I  believe,  most  useful,  of  all  the  learned  professions  in  this 
very  critical  and  important  day  in  its  life.  There  is  necessarily  a  fel- 
lowship and  a  very  close  fellowship  among  all  the  learned  professions. 
"We  are  all  engaged  alike  in  studying  and  applying  laws  to  the  uses 
and  convenience  of  mankind,  and  in  that  respect  the  engineers,  as  it 
seems  to  me,  have  a  very  decided  advantage  over  the  other  and  older 
professions.  They  work  from  known  and  certain  premises  to  inevi- 
table conclusions.  Theirs  is  an  exact  science,  based  not  upon  opin- 
ion, based  not  upon  judgment,  but  upon  absolute  and  fundamental 
facts  in  respect  to  which  they  ought  not  and  cannot  be  allowed  to  err. 
But  we  of  the  other  professions  stand  very  differently.  Ours  are  all 
uncertain — based  upon  opinion,  upon  experiment,  upon  judgment. 
When  the  doctor  loses  his  patient,  it  is  never  his  fault.  He  goes  on, 
he  lives  on,  and  acquires  new  patients  and  new  fame.  "When  the  law- 
yer loses  his  case,  it  is  never  his  fault.  He  can  always  trace  it  to  the 
infirmities  of  the  law,  or  the  weakness  of  the  judge,  or  the  dullness 
of  the  jury,  or  the  evil  conduct  of  his  client.  But  it  is  not  so  with 
the  engineer — the  civil  engineer;  with  him  a  blunder  is  indeed  a 
crime.  If  his  bridge  falls,  he  falls  with  it.  If  his  tunnel  collapses, 
he  collapses  with  it — and  had  better  be  buried  in  its  ruins.  Now, 
there  is  another  respect  in  which,  as  I  think,  the  profession  of  en- 
gineering has  another  very  decided  advantage  over  us.  Our  works 
perish.  The  breath  of  the  lawyer  is  the  measure  of  his  fame.  The 
rules,  the  practice  and  the  law  of  the  medical  profession  change  from 
age  to  age,  and — if  the  Bishop  will  allow  me  to  say  so— even  the 
dogmas  of  theology  are  not  forever  unchangeable.  But  the  works  of 
the  engineer  live  after  him  as  an  enduring  monument  to  carry  down 
to  a  distant  posterity  his  merits  and  his  defects. 
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In  a  little  term  of  leisure  last  winter  I  wandered  over  the  Island  of 
Sicily,  and  on  the  heights  of  Euryalus  overlooked  what  once  had  been 
the  site  of  the  City  of  Syracuse,  Avhieh  had  absolutely  disappeared  so 
that  not  a  vestige  of  it  remained.  The  great  fortifications  that  the  pre- 
decessors of  Archimedes  had  built  under  that  lofty  hill  remained 
unchanged  as  they  were  built  for  military  purposes  more  than  two 
thousand  years  ago.  At  Girgenti  and  Psestium  we  gazed  upon  temples 
still  standing,  in  form  perfect,  as  they  were  erected  by  engineers  and 
builders  whose  names  have  been  forgotten,  still  holding  out  models  of 
beauty  and  gi-ace  for  the  imitation  and  instruction  of  mankind.  At 
Rome  we  rode  over  the  bridge  of  St.  Angelo,  more  than  a  thousand 
years  old.  We  stood  under  the  dome  of  that  matchless  model  of 
architecture,  the  Pantheon,  as  perfect  apparently  as  when  the  name  of 
its  builder,  Agrippa,  was  emblazoned  upon  its  front.  "We  stood  be- 
fore the  ruins,  the  matchless  ruins,  the  splendid  ruins,  of  the  Coliseum. 
All  these  gi-eat  structures  testify  to  a  far-distant  posterity  of  the 
power  and  the  beauty  that  dwelt  in  the  minds  of  their  designers;  and 
I  have  been  wondering  since  I  was  invited  to  take  part  in  these  proceed- 
ings w^hether  any  works  yet  constructed  by  engineers  or  builders  in  this 
America  of  ours  will  last  as  long  as  those;  whether  the  men  of  the 
thirtieth  century,  the  students  of  architecture,  of  engineering,  will  find 
something  yet  to  admire,  even  though  it  be  in  ruins,  of  the  works  of 
the  men  of  the  nineteenth  and  the  twentieth  centuries?  That  question 
I  shall  prefer  to  leave  to  these  distinguished  experts  who  are  members 
of  this  American  Society  of  Civil  Engineers.  But  the  truth  neverthe- 
less does  remain  that  the  work  of  these  great  engineers  of  to-day,  the 
men  who  build  our  great  bridges,  our  great  docks,  our  great  tunnels, 
our  great  railroads,  will  be  carried  down  to  a  posterity  that  will  long 
since  have  forgotten  the  doctor,  the  lawyer,  and  even  the  clergyman, 
who  are  now  ruling  over  us. 

I  think  it  a  very  fortunate  thing  in  respect  to  these  days  and  events 
that  the  opening  of  this  building  for  the  use  of  the  American  Society 
of  Civil  Engineers  is  exactly  coincident  with  the  starting  of  this  great 
metropolis  in  which  we  live  and  of  which,  in  spite  of  its  mistakes,  we 
are  all  so  proud,  upon  its  new  and  greater  career.  Why,  New  York 
is  only  an  infant  to-day.  She  is  just  bursting  her  swaddling  bands. 
She  has  outgrown  herself  and  is  really  bui"sting  her  bands  in  all  di- 
rections.    You  cannot  venture  into  the  streets  without  the  peril  of  los- 
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ing  your  life  as  a  sacrifice  to  the  great  engineering  works  that  are  going 
on  to-day.  And  lam  sure  that  that  great  province  for  engineering  now 
extending  over  an  area  of  350  square  miles — 359  square  miles  is  the 
exact  quantity — holds  out  more  work  for  the  conscientious,  the  intel- 
ligent and  the  skilful  engineer  than  all  America  did  fifty  years  ago. 
What  bridges  are  to  be  built  over  these  noble  rivers !  What  tunnels 
are  to  be  excavated!  What  roads  laid  out!  What  docks  constructed! 
Why,  think  of  it;  we  have  one  project  now  jjending  before  us,  one 
work  of  tunneling  and  of  bridging  and  of  road  building  at  an  expendi- 
ture—the appalling  expenditure — of  50  millions  of  dollars!  Now, 
what  I  hope  is  that  the  new  administration,  which  the  people  of  this 
city  in  their  wisdom  have  elected  to  preside,  will  come  here — I  hope 
they  are  here — I  hope  the  Mayor-elect  is  here,  to  learn  a  lesson  that 
no  other  place  could  teach  as  well  as  this;  that  the  great  engineering 
works  of  this  city,  which  are  to  absorb  millions  upon  millions  of  the 
people's  money  and  occupy  years  and  decades  in  their  construction, 
shall  be  placed  under  the  charge  of  competent  engineers  as  the  heads 
of  the  departments  in  which  the  public  works  belong.  I  think  the 
science  of  engineering  has  advanced  so  far,  and  I  hope  the  science 
of  municipal  government  has  advanced  so  far,  that  hereafter  it  will 
not  be  considered  sufficient  to  have  as  Commissioner  of  Public  Works 
either  a  lawyer  or  a  ijolitician  who  is  as  ignorant  of  engineering  as 
the  unfortunate  person  who  now  has  the  honor  of  addressing  you. 

This  Society  well  calls  itself  the  American  Society  of  Civil  Engi- 
neers because  it  is  a  truly  national  institution  for  the  service  of  the 
whole  nation,  made  up  of  educated  engineers,  engineers  in  every  branch 
of  civil  engineering.  Now,  President  Schurman  has  said  something 
about  its  being  a  new  profession,  and  General  Craighill  asserted  that 
it  was  the  oldest  profession  that  he  knew  anything  about.  Well,  that 
is  only  a  ditference  of  verbiage,  of  phraseology.  It  is  true  that  fifty 
years  ago  there  were  not  many  civil  engineers,  and  if  they  had  been 
presented  to  an  audience  like  this,  the  audience  would  have  been  quite 
at  a  loss  to  know  what  they  were.  But  they  have  been  training,  and 
are  being  trained  from  the  beginning.  It  is  true  the  colleges  did 
not  do  much  for  them.  I  remember  when  ex-President  Morison,  one 
of  the  most  distinguished  engineers  of  this  country,  and  one  of  the 
most  distinguished  ex-Presidents  of  this  Society,  left  Harvard  College, 
he  found  it  necessary  to  spend  a  year  or  two  in  my  law  office  to  lay  the 
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foundations  of  that  great  engineering  fame.  And  I  am  liappy  to  say 
now  that  three  successive  Presidents  of  this  Society,  including  the 
gentleman  who  jjresides  here  to-day,  are  graduates  of  Harvard  Col- 
lege. I  think  it  shows  what  we  believe  in  the  other  professions,  that 
for  technical  education  there  must  first  be  laid  as  a  foundation  a 
broad,  liberal  education.  But  I  was  going  to  say  what  the  engineers 
had  done  for  the  Nation.  It  is  true  they  have  not  been  the  founders 
of  the  Nation;  but  they  have  been  the  makers  and  the  builders  of 
the  Nation.  Now,  let  us  see  exactly  how  that  is  in  a  very  few 
•words.  When  this  Nation  was  founded,  for  I  look  iipon  the  mak- 
ing and  adoption  of  the  Federal  Constitution  in  1787  as  the  found- 
ing of  the  Nation,  there  had  been  no  engineei'ing  and  no  engineers 
in  America  except  the  military  gentlemen  whom  Washington  had  sum- 
moned to  his  aid  for  the  conduct  of  the  war.  There  was  no  bridge 
over  any  navigable  river  in  what  now  constitutes  the  United  States;  no 
harbor  but  jjresented  its  natural  appearance  as  it  had  been  from  the 
beginning  of  time.  Of  course,  no  railroads,  no  tunnels,  no  roads 
worthy  of  the  name,  of  any  descrij)tion.  Why,  then,  it  took  the 
Members  of  Congress  who  went  in  their  own  carriages  from  Boston  to 
Philadeli^hia  six  days  to  make  the  journey,  and  they  had  to  cross  in 
ferries  the  mouths  of  six  navigable  rivers.  Two  hundred  years  had 
been  spent  by  the  settlers  in  grappling  with  the  wilderness,  and  in 
desperate  struggling.  AVhat  had  been  accomi)lished  '?  Fifty  miles  in 
breadth  along  the  Atlantic  coast,  from  Maine  to  Georgia,  was  all  that 
then  represented  the  triumi)hs  of  those  two  centuries.  Well,  then 
the  Federal  Constitution  was  adopted.  You  remember  that  memora- 
ble scene  on  the  day  when  Hamilton  wrote  the  names  of  the  States  on 
the  last  page  of  the  document,  at  the  foot  of  the  document,  and  Wash- 
ington and  Franklin  and  all  the  rest  of  them  subscribed  their  names. 
Franklin,  looking  at  the  jjainted  sun  that  was  behind  the  chair  of 
Washington,  who  presided  in  the  convention,  said:  "All  through 
these  debates  I  have  been  wondering  whether  that  was  a  rising  or  a 
setting  sun.  Now  that  these  names  have  been  signed  to  that  immortal 
document,  I  am  sure  that  it  is  a  rising  sun."  But  if  Washington  and 
Franklin,  the  two  wisest  members  of  all  that  wise  gathering,  could 
have  foreseen  that  within  a  hundred  years  the  area  of  the  United 
States— in  which  the  constitution  which  they  then  formed  was  to  carry 
the  blessings  of  liberty  to  a  distant  posterity — was  to  extend  not  simply 
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from  the  Atlantic  to  tlie  Mississippi,  but  three  times  as  far — -from  the 
Atlantic  to  the  Pacific,  and  from  the  Gulf  to  the  Lakes,  and  that  in 
the  ordinary  administration  of  executive  power  it  might  be  necessary 
for  the  President  to  issue  an  order,  for  the  very  salvation  of  the  Ee- 
public.  that  should  be  obeyed  within  one  hour  on  the  Pacific  coast — 
if  they  had  contemplated  that  it  might  be  necessary  to  transport  in 
three  days  three  hundred  thousand  men  from  the  Lakes  to  the  relief 
of  the  beleaguered  capital — even  they  would  have  trembled  at  the  sub- 
lime audacity  of  the  experiment  that  they  were  undertaking.  Why 
Franklin  himself,  with  all  his  power,  with  all  his  learning — he  had 
snatched  the  lightning  from  the  clouds  and  the  sceptre  from  tyrants  ; 
he  knew  all  about  steam  that  anybody  knew  ;  he  was  the  matchless 
master  of  electricity  up  to  that  date,  and  yet  even  he  had  no  concep- 
tion of  the  means  and  appliances  by  which  this  nation  was  after  all  to 
be  made  one.  Let  me  read  you  what  he  said  only  the  year  after  the 
convention  adopted  the  Constitution  and  adjourned.  In  writing  to  a 
friend  of  his,  in  the  month  of  October,  1788,  from  Philadelphia,  he 
says  : 

"We  have  no  philosophical  news  here  at  present,  excej^t  that  a 
large  boat  rotated  by  the  force  of  steam  is  now  exercised  upon  our 
river,  stems  the  current  and  seems  to  promise  being  useful  when 
the  machinery  can  be  more  simplified  and  the  expense  reduced. " 

And  Mr.  Madison  in  the  Fcilprnllst,  in  arguing  very  laboriously  the 
possibility  of  the  Federal  Government  exercising  efficient  control  over 
our  vast  territory  as  it  then  extended  from  the  Atlantic  to  the  Missis- 
sippi and  from  Maine  to  Georgia,  says: 

"  The  difficulties  will  indeed  be  great,  but  as  the  nation  will  extend 
no  further  than  the  Mississippi  and  no  further  south  than  Georgia,  it 
will  be  quite  practicable  for  the  delegation  from  those  distant  regions 
to  reach  the  seat  of  government  in  time  to  take  jjart  in  the  deliberations 
of  Congress." 

And  now  Avhat  do  you  see  "?  What  has  been  done  since  then  ;  all 
done  by  these  engineers  '?  As  Mr.  Seward  said  at  the  outbreak  of  the 
War  of  the  Rebellion:  '•  No  parchments,  no  laws,  will  hold  this  nation 
together;  but  bridges  and  railroads  and  steam  and  the  telegraph,  they 
will  and  must  do  it." 

Now,  I  will  not  detain  you,  for  you  all  know  what  these  engineers 
have  done.  The  highway  from  the  Atlantic  to  the  Pacific  was  the  very 
saving  of  oxir  Pacific  seaboard,  the  Eoeky  Mountain    States,  to   the 
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Union.  You  all  know  perfectly  well  what  immense  works,  both  public 
and  i)rivate,  have  been  construt-ted  by  them  in  every  quarter  of  the 
Union;  how  peace  and  plenty,  and  order  and  law,  and  art  and  civiliza- 
tion have  followed  in  their  track;  how  they  have  made  commerce  so 
fruitful,  the  people  so  flourishing  and  happy  and  have  brought  with 
them  to  stay  prosperity  throughout  the  land. 

Now,  when  I  received  this  invitation  I  thought  I  would  like  to  know 
something  about  some  engineers,  and  I  got  one  of  the  most  entertain- 
ing books  or  set  of  books  that  I  for  one  have  ever  read.  As  there  are 
some  here  who  are  not  engineers,  I  advise  them  to  get  it  and  read  it, 
and  that  is  Smiles'  "Lives  of  the  British  Engineers.'  They  are  more 
fascinating,  each  one  of  them,  than  anything  that  can  be  found  in  the 
Arabian  Nights — more  bewitching  in  their  fortune,  their  character  and 
their  achieyements.  They  all  seem  to  tell  one  story.  They  had  no 
colleges,  they  had  no  universities  where  they  could  study  the  elements 
of  their  jn'ofession.  They  were  almost  uniformly  sons  of  laborers, 
born  in  laborers'  cottages,  nurtured  under  hardships,  apprenticed  to 
a  youth  of  hard  labor,  manifesting  always  indomitable  courage,  vast 
power  of  labor,  a  jiei-fect  passion  for  construction,  and  jjatience  that 
knew  no  end,  and  courage  that  equaled  anything  that  any  warrior 
ever  exhibited,  and  conscience  always — it  is  one  of  the  most  honest  and 
conscientioiis  ijrofessions  that  has  yet  come  into  the  world.  They 
stumbled  uj)on  their  first  works  ai:)parently  almost  by  accident. 
They  showed  themselves  worthy  by  the  perfection  of  the  work  they 
did,  the  conscientiousness  with  which  they  did  it,  and  they  went  on 
from  one  jjiece  of  work  to  another,  ever  greater  and  grander  and  grander; 
and  when  they  were  called  to  their  last  home  they  were  followed  to 
the  grave,  not  by  humble  cottagers  who  had  surrounded  them  at  birth, 
but  by  kings  and  nobles  and  the  intelligence,  the  brains,  the  culture 
and  the  wisdom  of  the  realm.  Where  did  they  end  their  careers  ? 
Just  where  they  should;  among  the  greatest  benefactors  of  mankind, 
in  Westminster  Abbey.  Doubtless  all  of  you  remember  that  splendid 
statue  of  Watt,  to  whom  President  Schurman  has  already  referred,  by 
Chantry,  on  which  is  inscribed  an  ejjitaph  prepared  by  Lord  Brougham 
which  he  coiinted  the  greatest  honor  of  his  life  to  have  been  permitted 
to  write;  and  then,  too,  you  find  as  you  walk  through  the  nave  the 
graves  of  Thomas  Telford  and  of  Robert  Stephenson — two  more  of  the 
great  benefactors  of  the  human  race — the  one  the  "  Colossus  of  Roads," 
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as  liis  friend  Southey  clelightecl  to  call  liim;  the  other  the  perfecter  of 
the  locomotive.  He  and  his  greater  father — if  I  may  be  permitted  to 
call  him  so — George  Stephenson,  had  worked  together  in  the  develop- 
ment of  that  vast  machine  upon  which  now  the  prosperity  of  the  human 
race  itself  depends. 

Now,  how  did  they  do  all  this?  How  did  these  great  engineers 
achieve  these  marvelous  triumphs'?  Well,  I  think  it  was  only- — to 
borrow  a  phrase  of  Emerson's — by  hitching  their  wagon  to  a  star,  and 
if  you  will  permit  me  to  read  a  few  words  from  Emerson  in  conclusion,, 
which  I  think  he  intended  for  just  such  an  occasion  as  this,  and  in 
writing  which  I  believe  he  had  in  mind  the  American  Society  of  Civil 
Engineers  and  all  civil  engineers  in  general,  you  Avill  understand 
what  I  mean  when  I  say— recalling  Lord  Bacon's  phrase,  that  every 
man  owes  a  debt  to  his  profession — that  the  debt  these  civil  en- 
gineers owe  is  to  follow  in  the  footsteps  of  those  great  men  whom  they 
all  unite  in  honoring  and  revering;  and  now,  if  you  will  allow  me  to 
read  this  short  passage  from  Mr.  Emerson.  I  will  take  my  seat.  He 
says  : 

"  Now,  that  is  the  wisdom  of  a  man,  in  every  instance  of  his  labor, 
to  hitch  his  wagon  to  a  star  and  see  his  chore  done  by  the  gods  them- 
selves. That  is  the  way  we  are  strong,  by  borrowing  the  might  of  the 
elements.  The  forces  of  steam,  gravity,  galvanism,  light,  magnets, 
wind,  fire,  serve  us  day  by  day  and  cost  us  nothing.  Hitch  your 
wagon  to  a  star.  Let  us  not  fag  in  i^altry  works  which  serve  our  jjot 
and  bag  alone.  Let  us  not  lie  and  steal.  No  god  will  help.  We 
shall  find  all  their  teams  going  the  other  way — Charles'  Wain,  Great 
Bear,  Orion,  Leo,  Hercules:  every  god  will  leave  us.  Work  rather 
for  those  interests  which  the  divinities  honor  and  promote — justice, 
love,  freedom,  knowledge,  utility.  If  we  can  thus  ride  in  Olymi^ian 
chariots  by  putting  our  works  in  the  path  of  the  celestial  circuits,  we 
can  harness  also  evil  agents,  the  powers  of  darkness,  and  force  them 
to  serve,  against  their  will,  the  ends  of  wisdom  and  of  virtue." 
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RESOLUTIONS  ADOPTED. 

During  the  meeting  the  President  read  the  following  dispatch  from 
the  Institution  of  Civil  Engineers  : 

' '  Congratulations  to  the  American  Society  on  opening  their  New 
House. " 

George  S.  Moi-ison,  Past  President,  Am.  Soc.  C.  E,,  then  si)oke  as 
follows  : 

Mr.  President,  I  believe  that  all  the  members  of  the  Society  who 
are  present  are  very  glad  to  hear  our  profession  spoken  of  in  the  way 
in  which  it  has  been  mentioned.  It  is  right,  however,  for  us  to  recog- 
nize that  though  we  consider  ourselves  a  great  profession,  our  great- 
ness must  be  in  the  future  rather  than  in  the  past,  and  that  we  are 
just  being  welcomed  into  the  ranks  as  the  youngest  brother  among  the 
older  professions.  I  think,  therefore,  that  it  is  right  that  we  should 
do  something  in  appreciation  of  what  has  been  done  for  us  to-day, 
and  I  would  therefore  offer  the  following  brief  resolutions  : 

"Resolved,  That  this  Society  tenders  its  thanks  to  the  representa- 
tives of  the  university,  of  the  law  and  of  the  clergy  who  have  so  kindly 
joined  us  in  the  dedication  of  our  new  home. 

"Resolved,  That  this  Society  has  received  with  great  satisfaction  the 
congratulations  of  the  oldest  and  greatest  engineering  institution  that 
the  world  has  ever  known,  and  hopes  that  the  warm  fraternal  rela- 
tions of  older  and  younger  brethren  may  always  continue  between  the 
two  organizations." 

I  oflfer  these  resolutions. 

The  resolutions  were  adopted. 
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MEMOIRS   OF  DECEASED   MEMBERS. 


THEODORE  DEHONE  JUDAH,  M.  Am.  Soc.  C.  E.^ 


Died  Novembek  2d,  1863. 


Theodore  Dehone  Judah,  to  whom  the  first  transcontinental  rail- 
way in  this  country  owes  in  a  large  measure  its  incorporation  and 
early  success,  came  from  a  family  which  settled  at  Westport,  Conn. , 
in  the  early  days  of  the  colony.  His  father  was  an  Episcopal  clergy- 
man, and  it  was  while  he  was  rector  of  St.  John's  Church  in  Bridge- 
port, Conn.,  that  the  subject  of  this  memoir  was  born,  the  date  being 
March  4th,  1828.  Soon  afterward  the  family  moved  to  Troy,  N.  Y. , 
where  the  father  was  called  to  be  the  rector  of  St.  John's  Church,  and 
the  son  received  his  early  education  in  that  city,  studying  at  the 
Eensselaer  Polytechnic  Institute  at  one  time.  The  father  died  before 
the  son's  studies  were  comjjleted,  however,  and  the  family  moved  to 
New  York  City. 

By  this  time  the  young  man  was  convinced  that  his  talents  destined 
him  for  the  j)rofession  of  engineering,  and  he  soon  joined  the  staff  of 
S.  W.  Hall,  then  engineer  of  the  Troy  and  Schenectady  Railroad  Com- 
pany, and  began  his  railroad  career.  Afterward  he  served  under 
James  Laurie,  first  President  of  this  Society,  and  was  engaged  on  the 
New  Haven,  Hartford  and  Si^ringfield  Railway  and  the  Connecticut 
River  Railroad.  Another  work  of  his  in  New  England,  which  he  re- 
ferred to  with  pride,  was  the  construction  of  a  railroad  bridge  at  Ver- 
gennes  in  Vermont.  Subsequently  he  was  a  resident  engineer  on  the 
Erie  Canal,  located  at  Jordan  and  Seneca  Falls,  and  afterward  was 
engineer  of  the  railroad  down  the  gorge  of  the  Niagara  River  to  Lew- 
iston,  a  work  which  Avas  considered  a  remarkable  feat  in  those  days, 
and  resulted  in  his  engagement  as  engineer  of  the  first  California 
railroad.  He  was  employed  on  the  construction  of  the  Buffalo  and 
New  York  Railroad,  then  pushing  across  the  state  to  connect  with  the 
Erie  line,  when  he  received  a  telegi*am  from  Governor  Seymour,  who 
was  acquainted  with  the  Niagara  line  and  the  difficulties  presented  by 
its  construction,  to  go  to  New  York  at  once.  There  he  met  Colonel 
Charles  L.  Wilson,  who  was  enthusiastic  over  the  j^roposed  railroad 
between  Sacramento  and  Folsom,  and  immediately  accepted  the  posi- 

*  Memoir  prepared  from  information  furnished  by  Mrs.  R.  A.  Pierce,  C.  P.  Hunting- 
ton. F.  Am.  Soc.  C.  E.,  and  from  a  lecture  entitled,  "  Theodore  D.  Judali,  the  Engineer  of 
the  Central  Pacific  Railroad,"  delivered  at  Stanford  University  by  Mr.  Theodore  H. 
Hittelt. 
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tion  of  chief  engineer  of  the  enterprise.  In  a  short  time  he  and  his 
■wife  were  on  their  way  to  the  Pacific  Coast,  and  from  then  iintil  his 
nntimely  death,  his  work  assumes  a  character  of  gi-eat  commercial 
imi^ortance.  In  a  brief  biography  of  her  husband,  Mrs.  Judah  states, 
"that  everything  he  did  from  the  time  he  went  to  California  to  the  day 
of  his  death  was  for  the  great  continental  Pacific  railway.  It  was  the 
burden  of  his  thought  day  and  night  and  largely  of  his  conversation." 
It  was  as  the  chief  engineer  of  the  Central  Pacific  Railroad  that 
Judah  achieved  his  greatest  rejjutation,  not  only  as  an  engineer,  but 
also  as  a  promoter,  using  the  word  in  its  best  sense.  He  was  identified 
with  California  railroading  from  its  beginning.  The  State  Legislature 
passed  a  general  law  for  the  organization  of  railroad  companies  in  1850, 
and  after  it  was  amended  several  times,  active  preparation  for  work  on 
a  road  was  begun  in  1853  by  the  Sacramento  Valley  Eailroad  Com- 
pany. The  most  important  step  taken  was  the  engagement  of  Judah 
as  the  engineer  of  the  enterprise,  in  the  manner  mentioned.  Imme- 
diately after  reaching  California  he  selected  a  route  from  Sacramento 
to  Folsom,  a  distance  of  H'i  miles.  Grading  was  commenced  early  in 
1855,  and  tracklaying  in  the  summer,  as  soon  as  rails  arrived.  The  road 
was  opened  in  February,  1856,  but  did  not  prove  as  profitable  as  was 
anticipated.  It  was  purchased  nine  years  later  by  the  princijjal  owners 
of  the  Central  Pacific  Railroad  Company. 

A  large  part  of  Judah's  time  during  the  next  three  years  was  sj^ent 
in  Washington  endeavoring  to  procure  the  passage  of  a  bill  making 
grants  of  land  in  California  for  railroad  purposes.  Congress  was  not 
disposed  at  that  time  to  take  any  definite  action  on  the  subject  of  a 
transcontinental  railroad,  then  attracting  considerable  attention  on  the 
Pacific  coast,  so  a  railroad  convention  was  held  at  Sacramento  in 
September,  18.59,  to  consider  the  matter.  Each  county  in  California, 
Oregon,  Washington  and  Arizona  was  requested  to  send  as  many 
delegates  as  it  had  members  in  the  state  or  territorial  legislatures.  The 
attendance  was  large.  Among  the  delegates  certainly  the  best  posted 
and  probably  the  most  efl&cient  was  Judah,  who  was  present  as  a 
member  from  Sacramento.  He  had  studied  the  engineering  problems 
of  a  transcontinental  road  and  was  thoroughly  convinced  of  the  practi- 
cability of  such  a  project.  It  was  chiefly  due  to  the  fullness,  clearness 
and  satisfactory  character  of  the  information  he  furnished  that  the 
convention  declared  its  decided  preference  among  the  routes  mentioned 
for  the  central  one  advocated  by  him,  and  appointed  him  to  act  as  its 
accredited  agent  in  presenting  its  proceedings  to  the  President, 
Cabinet  and  Congress,  and  in  promoting  favorable  action  on  a  Pacific 
railroad  bill. 

The  Washington  mission  was  unsuccessful,  owing  to  the  sectional 
jealousy  so  strong  at  that  time.  Mr.  Judah  wrote  out  a  full  report  of 
his  work,  which  he  sent  to  the  executive  committee  of  the  convention 
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with  many  important  documents.  An  unusual  pari  of  tlie  report  was 
a  statement  that  although  the  expenses  of  his  mission  had  cost  him 
$2  500,  the  only  bills  he  had  to  present  were  two  small  accounts  for 
l^rinting,  amounting  together  to  ^40.  In  spite  of  the  temporary 
faihire  of  this  congressional  campaign,  he  returned  to  California  with 
unabated  confidence  in  the  project  and  endeavored  to  arouse  greater 
local  supi^ort  for  a  continuance  of  the  agitation.  His  first  attempt  to 
raise  funds  was  made  in  San  Francisco,  but  in  spite  of  the  fact  that 
some  of  the  cajjitalists  to  whom  he  presented  his  plans  recognized 
their  importance,  the  local  business  field  ofiered  such  inducements  of 
large  and  immediate  returns  that  they  did  not  care  to  back  an  enter- 
prise bound  to  require  great  ex^Denditures  before  any  profit  could  be 
realized.  Undismayed  by  his  failure  at  San  Francisco,  Judah  went  to 
Sacramento,  where  he  was  sure  of  the  influence  of  General  Lauren 
Upson,  editor  of  the  Sacramento  Union. 

Among  his  fellow  townsmen  of  Sacramento  were  four  merchants, 
Collis  P.  Huntington,  F.  Am.  Soc.  C.  E.,  and  Mark  Hopkins,  who  were 
hardware  dealers;  Charles  Crocker,  who  was  in  the  dry  goods  business, 
and  Leland  Stanford,  who  dealt  in  provisions  and  groceries.  The  first 
two  had  been  in  California  since  1849 ;  none  of  them  was  rich. 
These  four  men  with  Judah  formed  a  quintette  in  which  the  de- 
ficiencies of  any  one  member  were  remedied  by  the  characteristics  of 
the  others.  It  was  through  theii-  assistance  and  under  the  personal 
direction  of  Judah  that  the  difi'erent  routes  over  the  Sierra  Nevada 
Mountains  were  examined  and  comi^ared. 

The  Central  Pacific  Eailroad  Company  was  organized  on  June  28th, 
1861,  under  the  laws  of  California,  with  a  capital  stock  of  §8  500  000  in 
$100  shares.  C.  P.  Huntington,  Leland  Stanford,  Mark  Hoi)kins  and 
Charles  Crocker  made  liberal  subscriptions  to  the  stock,  and  a  num- 
ber of  other  citizens  of  Sacramento  subscribed  for  smaller  amounts. 
Judah  organized  his  engineering  parties  again  and  crossed  the  moun- 
tains more  than  twenty  times  before  making  his  final  location.  He 
confined  his  attention  chiefly  to  three  routes;  the  first  through 
El  Dorado  County  by  way  of  Georgetown,  the  second  through 
Illinoistown  and  Dutch  Flat,  and  the  third  by  the  way  of  Nevada  and 
Henness  Pass.  The  Dutch  Flat  route  proved  the  most  practicable,  as 
by  it  he  could  attain  the  summit  at  Donner  Pass  with  Lighter  grades, 
at  less  distance,  and  with  fewer  obstacles  than  by  any  other  line. 

The  problem  presented  was  to  ascend  7  000  ft. ,  the  height  of  Donner 
Pass,  in  a  distance  of  not  much  more  than  70  miles.  After  careful 
examination  a  long  and  unbroken  spur  of  the  Sierra  Nevadas  was  found 
extending  southwesterly  from  Donner  Pass  to  the  Sacramento  Valley. 
By  keeping  on  or  near  the  ridge  of  this  spur,  the  summit  could  be 
attained  with  a  maximum  grade  not  exceeding  105  ft.  to  the  mile  along 
a  route  crossing  but  one  stream,  and  that  a  small  one.     On  the  other 
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liancl,  tlie  eastern  slope  of  tlie  Sierras  could  be  descended  as  far  as  the 
Truckee  Eiver  by  means  of  two  ravines  south  of  Lake  Douner,  with  a 
maximum  grade  of  140  ft.  per  mile.  Judah's  route  followed  the 
Truckee  from  a  point  near  the  outlet  of  Lake  Donner,  and  about  14 
miles  north  of  Lake  Tahoe,  through  the  eastern  ridge  and  Washoe 
Mountains  to  Big  Bend  in  the  Humboldt  Desert,  giving  a  grade  not 
exceeding  40  ft.  to  the  mile  and  entirely  avoiding  the  second  or 
eastern  ridge  of  mountains.  The  distance  from  Sacramento  to  the 
Truckee  was  123  miles  by  this  route,  and  145  miles  to  the  State  line. 
Judah  estimated  that  eighteen  tunnels  would  be  necessary,  and  that 
the  road  could  be  kept  free  from  snow  throughout  the  year.  The 
probable  cost  of  the  road  was  given  as  about  ^88  500  per  mile  for  the 
entire  145  miles  to  the  State  boundary. 

As  soon  as  his  report  was  made  he  was  sent  to  Washington  to  j^ro- 
cure  aid  for  the  construction  of  the  road.  He  became  acquainted  with 
members  of  the  committees  on  the  Pacific  Railroad  in  both  branches 
of  Congress  and  was  appointed  Secretary  of  both,  with  the  ijrivilege  of 
the  floor  in  both  Senate  and  House.  Although  the  opposition  pre- 
viously oflfered  by  southern  Congressmen  was  wanting  in  this  session 
by  reason  of  the  civil  war,  there  w'ere  many  obstacles  to  be  overcome 
and  much  tactful  manoeuvering  and  comjiromise  necessary  before  the 
desired  legislation  was  obtained  on  July  1st,  1862.  The  act  contained 
references  to  three  companies.  It  incorporated  the  Union  Pacific 
Railroad  Company  for  constructing  a  part  of  the  transcontinental 
route,  provided  for  the  construction  of  another  part  by  the  Leaven- 
worth, Pawnee  and  Western  Railroad  Company  of  Kansas,  and  gave  to 
the  Central  Pacific  Railroad  Company  the  recognition  and  jirivileges 
it  had  been  struggling  so  hard  to  obtain.  It  was  provided  that  the 
company  might  constriict  a  railroad  and  telegraph  line  from  the  Pacific 
Coast,  at  or  near  San  Francisco,  or  the  navigable  waters  of  the  Sacra- 
mento Eiver,  to  the  eastern  boundary  of  California.  Right  of  way  for 
200  ft  on  each  side  of  the  road  was  granted,  and  all  ground  needed  for 
buildings  and  five  alternate  sections  of  jDublic  land,  ])er  mile,  on  each 
side  of  the  line,  or  all  the  odd  sections  within  the  limits  of  10  miles  on 
each  side  which  had  not  been  sold,  reserved  or  otherwise  disposed  of, 
except  mineral  lands.  In  consideration  of  the  mountainous  character 
of  the  country  for  150  miles  west  from  the  eastern  base  of  the  Rocky 
Mountains,  and  for  150  miles  east  from  the  western  base  of  the  Sierra 
Nevada  Mountains,  the  Secretary  of  the  Treasury  was  instructed  to 
issue  to  the  company  constructing  these  sections  bonds  to  the  amount 
of  §48  000  i^er  mile;  the  bonds  to  be  issued  and  the  lands  granted  set 
a^jart  on  the  comi:)letion  of  every  20  miles  of  these  i^ortions  of  the  road. 
The  amount  of  bonds  to  be  issued  for  the  intermediate  country  between 
the  Sierra  Nevada  and  the  Rocky  Mountains  was  fixed  at  S32  000  per 
mile,  and  ^16  000  for  the  remaining  sections.      The  company  had  to 
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build  50  miles  iu  the  first  two  years  and  50  miles  each  additional  year, 
half  the  amount  of  construction  required  of  the  Union  Pacific  Company. 

Judah  lost  no  time  in  filing  in  the  office  of  the  Secretary  of  the 
Interior  the  necessary  maps  and  j^apers  relating  to  the  route  of  the 
Central  Pacific  Eailroad,  thereby  securing  the  withdrawal  from  sale  of 
land  along  the  line.  He  made  arrangements  in  New  York  for  rails  and 
other  equipment  for  the  first  50  miles  of  road,  and  late  in  July  sailed 
for  San  Francisco,  carrying  with  him  a  testimonial  from  a  number 
of  senators  and  representatives  as  to  the  value  and  effectiveness  of  his 
work. 

The  first  shovelful  of  earth  taken  on  the  work  of  construction  was 
moved  at  Sacramento  by  Leland  Stanford  on  January  8th,  1863,  the 
day  following  his  inauguration  as  Governor  of  California.  In  spite  of 
the  national  assistance  granted  during  the  preceding  summer,  work 
progressed  slowly  and  capital  was  enlisted  with  difficulty.  B>  this 
time  the  leading  men  in  the  enterprise  had  found  the  work  best  suited 
for  each.  Huntington  became  the  eastern  financial  manager,  and  Stan- 
ford the  western,  Crocker  devoted  himself  to  suiDerintending  the  con- 
struction, Hopkins  looked  after  the  supplies,  and  Judah  superintended 
the  engineering  work.  Six  months  later,  Judah  filed  a  report  estimat- 
ing the  cost  of  the  first  50  miles  of  the  road  at  nearly  S3  250  000;  at 
this  time,  the  bridge  over  the  American  Eiver  was  nearly  comiileted 
and  about  18  miles  graded.  Six  thousand  tons  of  rails  had  been  pur- 
chased, six  locomotives  and  about  fifty  cars. 

In  October  of  the  same  year,  he  sailed  from  San  Francisco  to  urge 
further  legislation  by  Congress  for  the  transcontinental  railroads,  and 
to  aflfect  certain  changes  in  the  company.  The  latter  are  best  indicated 
by  the  following  quotation  from  Mrs.  Judah's  memoir  of  the  husband. 

"  Mr.  Judah  saw  he  must  jilace  himself  differently,  and  he  went  to 
work  to  accomijlish  it.  He  had  secured  the  right  and  had  the  power 
to  buy  out  the  men  opposed  to  him  and  the  true  interests  of  the  Pacific 
Eailroad  at  that  time.  Everything  was  arranged  for  a  meeting  in  New 
York  City  on  his  arrival.  Gentlemen  from  New  Y'ork  and  Boston  were 
ready  to  take  theii*  places.  They  could  not  see  him.  Two  of  the  gen- 
tlemen came  to  see  me  in  Greenfield,  thinking  I  might  be  able  to  give 
them  points  for  their  interest." 

He  was  attacked  by  fever  on  the  journey,  and  died  on  November 
2d,  1863,  at  New  Y'ork.  His  work  was  carried  on  by  the  parties  before 
mentioned,  who  had  furnished  financial  backing  to  the  enterprise, 
until  it  has  expanded  into  one  of  the  most  powerful  railway  systems 
of  the  world.  Judah  was,  in  a  measure,  its  founder  and  most  influen- 
tial advocate,  and  it  was  largely  through  his  manifold  talents,  apart 
from  engineering,  that  a  transcontinental  railway  was  recognized  as 
of  national  imi^ortance  by  Congress. 

Mr.  Judah  was  elected  a  Member  of  the  American  Society  of  Civil 
Engineers  on  May  4th,  1853. 
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ISAIAH  WILLIAM  PENN  LEWIS,  M.  Am.  Soc.  C.  E.* 


Died  October  18th,  1856. 


Isaiah  William  Peun  Lewis  was  born  in  Charlestown  (now  Boston), 
Mass.,  Jnly  15th,  1808.  He  was  the  son  of  Captain  Isaiah  Lewis  and 
Harriet  Ann  Townsend  Lewis,  nee  Cox.  He  received  his  education  in 
Boston,  but  owing  to  his  father's  death  during  his  own  boyhood  he 
did  not  attempt  to  pursue  professional  life.  He  followed  the  sea  for 
several  years,  which  had  been  his  father's  occupation,  and  was  in  com- 
mand of  vessels  trading  to  the  East,  to  the  Gulf  of  Mexico  and  else- 
where. Before  he  was  thirty  years  of  age  he  gave  up  maritime  life  and 
studied  civil  engineering  in  Boston  and  commenced  biisiness  for  him- 
self in  that  city  about  1840.  In  1843-44  he  made  a  visit  to  France  and 
there  made  himself  thoroughly  familiar  with  the  Fresnel  system  of 
lighthouse  illumination,  and  on  his  retiirn  to  this  country  undertook 
to  seciire  its  adoj^tion  by  the  United  States  Government,  in  which 
object,  after  long  and  arduous  effort,  he  was  finally  successful. 

From  1845  until  the  time  of  his  death  in  1856,  he  was  almost  con- 
stantly in  government  employment,  engaged  in  visiting  and  reporting  on 
the  various  lighthouses  along  our  coast  and  in  introducing  the  new  sys- 
tem gradiially.  He  superintended  the  construction  of  the  lighthouse  at 
Sand  Key,  Key  West,  Fla. ;  somewhat  later,  that  at  Galveston,  Tex.,  and 
jjrobably  others.  In  connection  with  this  employment  he  made  several 
visits  to  England  and  the  Continent,  making  extended  examinations  of 
lighthouse  construction  and  ojieration,  especially  in  the  former  coun- 
try, and  was  in  communication  with  various  prominent  scientific  men, 
particularly  with  James  Nasmyth,  the  eminent  engineer  and  inventor. 

Mr.  Lewis  married  Miss  Ellen  Augusta  Doane,  in  Boston,  October 
29th,  1840.  Notwithstanding  his  extended  absence,  he  retained  his 
citizenship  in  that  place  until  his  death,  October  18th,  1856.  He  left 
no  children. 

Mr.  Lewis's  aptitude  for  mechanical  construction  may  be  fairly  said 
to  be  hereditary.  His  grandfather,  Lemuel  Cox,  was  probably  the 
most  skilful  bridge-builder  of  his  day.  He  constructed,  in  1786,  the 
deep  water  bridge  connecting  Boston  and  Charlestown,  after  it  had 
been  rejaeatedly  pronounced  impracticable,  owing  to  the  rapidity,  as 
well  as  the  depth,  of  the  tidewater,  and  subsequently  built  bridges  at 
Maiden  and  Salem,  Mass.  The  Charlestown  bridge  was  the  first  to 
connect  Boston  with  the  surrounding  main  laud.  His  success  in  these 
works  led  to  his  being  invited  to  Ii*eland  in  1789  to  erect  the  bridge 
over  the  Foyle  at  Londonderry,  which  he  completed  in  less  than  the 

*  Memoir  prepared  by  F.  W.  D.  Holbrook,  M.  Am.  Soc.  C.  E.,  and  Joseph  Willard,  Esq. 
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contract  time,  a  remarkable  compliment  to  his  skill,  coming  as  it  did 
from  the  mother  country  to  an  American,  and  so  soon  after  the  Revo- 
lution. He  was  then  employed  to  construct  bridges  at  Wexford, 
Watei-ford,  Ross  Craig  and  elsewhere,  and  was  engaged  in  these 
various  enterprises  nearly  ten  years  before  he  returned  to  America. 

Personally,  Mr.  Lewis  was  a  man  of  very  attractive  manner,  with 
exquisite  taste  and  great  skill  in  drawing,  in  painting  in  water- colors, 
and  in  music,  and  he  made  a  wide  circle  of  friends. 

Mr.  Lewis  was  elected  a  Member  of  the  American  Society  of  Civil 
Engineers  on  Januarv  5th,  1853. 


EDWARD  SOUTHWICK  PHILBRICK,  M.  Am.  Soc.  C.  E.* 


Died  Febkuaky  13th,  1889. 


Edward  Southwick  Philbrick  was  born  at  Boston,  Mass.,  November 
20th,  1827,  and  was  always  identified  with  that  city,  although  his  res- 
idence was  in  Brookline  for  most  of  his  life.  His  education  was  re- 
ceived in  the  local  public  schools  and  at  Harvard  College,  where,  how- 
ever, he  did  not  follow  the  regular  course  and  never  graduated.  About 
twenty-five  years  later,  however,  the  college  granted  him  the  degree 
which  he  had  been  prevented  from  obtaining  in  the  regular  manner, 

Railroad  engineering  in  New  York  and  Vermont  engaged  his  atten- 
tion for  a  few  years,  but  becoming  interested  in  structural  engineer- 
ing, he  relinquished  his  jiosition  to  spend  a  year  and  a  half  abroad, 
part  of  the  time  studying  at  Paris,  but  most  of  the  time  in  travel. 
Returning  in  1855,  he  was  for  some  time  assistant  superintendent  and 
engineer  of  the  Boston  and  Worcester  Railroad. 

Mr.  Philbrick  inherited  strong  anti-slavery  convictions  from  his 
father,  and  after  the  outbreak  of  the  Civil  War  was  active  in  the  work 
of  the  Sanitary  Commission.  When  Port  Royal  was  taken  and  great 
numbers  of  negroes  entered  the  Union  lines,  Mr.  Philbrick  was  among 
the  volunteers  who  went  to  that  place  to  assist  in  educating  the  ex- 
slaves.  There  he  remained  until  the  close  of  the  war,  actively  engaged 
in  the  work  undertaken  by  the  Freedmen's  Societies  which  was  of  such 
aid  during  those  trying  times. 

When  the  war  was  over  he  returned  to  Boston  and  became  consult- 
ing engineer  of  the  Boston  and  Albany  Railroad,  a  position  he  held  for 
a  number  of  years.  He  had  charge  of  the  design  and  construction  of 
many  iron  bridges  on  this  road,  of  the  large  Union  Station  at  Wor- 
cester, and  of  grain  elevators  in  Boston.     His  observations  and  studies 

*  Memoir  prepared  from  information  furnished  by  George  F.  Swain.  M.  Am.  Soc.  C.  E., 
and  papers  on  file  at  the  House  of  the  Society. 
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in  Europe,  wliere  he  had  made  a  careful  investigation  of  the  methods 
of  bridge  construction,  led  him  to  become  a  strong  advocate  of  riveted 
connections,  and  such  details  were  employed  exclusively  on  the  bridges 
of  the  Boston  and  Albany  road  which  were  built  under  his  direction. 
His  practice  with  this  company  gradually  led  to  his  being  consulted 
by  other  railway  corporations,  and  he  was  recognized  as  an  expert  in 
matters  pertaining  to  bridge  work.  Among  his  engagements  was  one 
by  the  State  of  Massachusetts  as  consulting  engineer  on  the  Hoosac 
Tunnel,  and  another  as  engineer  of  the  improvement  of  the  South 
Boston  Flats. 

Sanitary  engineering  was  a  favorite  study  with  Mr.  Philbrick. 
His  architectural  experience  gave  him  an  insight  into  the  i^rinciples  of 
plumbing  and  house  drainage,  and  his  knowledge  of  matters  j^ertain- 
ing  to  sewerage  and  water  sujiply  led  to  frequent  engagements  by 
town  and  city  authorities.  He  was  among  the  earliest  American  engi- 
neers to  insist  on  the  importance  of  good  plumbing  and  to  urge  the 
adoption  of  scientific  methods  in  designing  and  carrying  out  such  work. 
For  a  number  of  years  he  was  a  member  of  the  Board  of  Selectmen  and 
the  Water  Board  of  Brookline,  and  rendered  particularly  valuable 
service  to  the  town  in  connection  with  the  system  of  water- works  built 
during  this  time. 

Technical  education  had  a  strong  advocate  in  Mr.  Philbrick,  and 
for  many  years  he  was  a  member  of  the  corporation  of  the  Massachu- 
setts Institute  of  Technology,  in  which  school  he  was  accustomed  to 
deliver  a  number  of  lectures  annually. 

Mr.  Philbrick  was  elected  a  Member  of  the  American  Society  of 
Civil  Engineers  on  September  6th,  1874,  and  contributed  two  papers 
to  Transactions.  The  first  was  published  in  Volume  VII,  and  is 
entitled  "The  Improvement  of  the  South  Boston  Flats;"  the  second 
was  published  in  Volume  XVII,  and  is  entitled  "Inspection  and 
Maintenance  of  Railway  Structures."  He  also  took  part  in  the  dis- 
cussion of  several  papers. 

During  the  latter  jiart  of  his  life  he  was  engaged  in  several  business 
enterprises,  and  found  little  time  for  engineering  work,  although  he 
continued  to  lecture  before  the  students  of  the  Massachusetts  Institute 
of  Technology. 

For  many  years  jjrevious  to  his  death  he  was  a  frequent  contributor 
to  the  Engineering  Record,  and  some  of  his  articles  in  that  paper  were 
published  in  a  book  bearing  the  title  "American  Sanitary  Engineer- 
ing."    A  memoir  of  him  in  that  journal  closes  as  follows: 

"  Those  who  knew  him  biit  slightly  may  have  been  somewhat  re- 
pelled by  a  certain  brusqueness  of  manner,  which  at  first  seemed  to 
imply  some  want  of  consideration  for  the  feelings  of  others;  but  only 
those  who  knew  him  well  can  fully  ajiiireciate  the  kindly  heart,  the 
depth  and  tenderness  of  friendship,  and  the  philanthropic  spirit — 
manifested  in  many  ways — which  lay  beneath  the  surface.  Only  such 
will  fully  realize  their  loss." 


456  MEMOIR   OF   ISAAC    WILLIAMS   SMITH. 

ISAAC  WILLIAMS  SMITH,  M.  Am.  Soc.  C.  E.* 


Died  Jantaky  1st,  1897. 


A  notable  figure  was  removed  from  among  the  engineers  of  tlie 
Pacific  Coast  by  the  death  of  Isaac  Williams  Smith,  which  occurred  at 
Portland,  Ore.,  Jantiarv  1st,  1897. 

He  was  born  at  Fredericksburg,  Va. ,  in  1826,  the  son  of  Eev.  George 
A.  Smith  and  Ophelia  Ann  Williams,  the  latter  a  granddaughter  of 
Captain  Philii)  Slaughter,  an  officer  of  the  Revolution. 

He  was  educated  at  the  Faii'fax  Institute  at  Clairens  and  at  the 
Yii-ginia  Military  Institute  at  Lexington,  Va.,  graduating  from  the 
latter  with  high  honors  in  184(3,  at  the  age  of  twenty. 

After  graduation  he  served  for  a  time  as  assistant  engineer  under 
Captain  Emory,  U.  S.  A.,  on  the  survey  of  the  northeast  boundary. 
Later,  receiving  an  appointment  as  second  lieutenant  in  Company  K, 
United  States  Yoltigeurs,  he  served  in  the  detachment  under  Major 
Lally  in  the  war  with  Mexico  during  one  camisaign,  and  was  then  de- 
tailed for  recruiting  service  and  stationed  at  Baltimore.  In  1849-50 
he  was  assistant  engineer  and  astronomer  on  the  survey  of  the  i^arallel 
between  the  Creek  and  Cherokee  Indians  under  Lieutenants  Sitgreaves 
and  Woodruft",  U.  S.  A.  In  1851  he  was  assistant  astronomer  and  first 
assistant  on  the  survey  of  the  parallel  between  Iowa  and  Minnesota, 
Andrew  Talcott  being  chief  engineer.  In  1852  he  was  resident  en- 
gineer on  the  survey  and  constriTction  of  the  Orange  and  Alexandria 
Eailroad  under  Chief  Engineer  Atkinson.  In  1853-.54  he  was  assistant 
engineer  upon  the  Pacific  Eailroad  surveys  and  exj^lorations  along  the 
southern  route  under  Lieutenants  Williamson  and  Parke,  of  the  Corps 
of  Engineers,  U.  S.  A.  Aiter  a  brief  sojourn  in  California,  he  came 
north  to  the  newly  formed  territory  of  Washington,  and  was  engaged 
as  engineer  and  sjDecial  agent  for  the  construction  of  lighthouses  on 
the  Straits  of  Fuca  and  Shoalwater  Bay,  the  Twelfth  Lighthouse  Dis- 
trict, under  Major  Hartman  Bache,  Corps  of  Engineers,  U.  S.  A, 
These  guides  for  mariners  were  erected  at  New  Dungeness,  Tatoosh 
Island  and  Smith's  Island,  on  the  Straits  of  Fuca,  and  at  Tokes  Point, 
on  the  coast  of  southwestern  Washington.  This  work  was  accom- 
plished with  considerable  difficulty  and  jjeril,  journeys  to  and  from 
the  works  being  made  either  in  small  rowboats  or  Indian  canoes 
through  waters  that  were  of  a  very  treacherous  character,  and  often 
with  only  Indians  for  his  crew. 

The  uprising  of  the  Indians  against  the  whites  all  over  the  northern 

*  Memoir  prepared  by  D.  D.  Clarke.  M.  Am.  Soc.  C.  E.,  Edward  G.  Tilton,  C.  E..  and 
Robert  P.  Maynard,  C.  E. 
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country,  commonly  called  the  Yakima  War,  occurred  during  the  years 
1855-56,  and  many  settlers  lost  their  lives.  An  armed  force  was 
quickly  raised,  and  in  the  campaign  that  followed  Mr.  Smith  served 
as  aide-de-cami)  on  the  staff  of  Captain  I.  I.  Stevens,  then  Governor  of 
the  Territory,  and  in  command  of  the  volunteer  forces  engaged  in 
subduing  the  Indians,  and  saw  much  active  service.  After  the  close 
of  the  war  he  was  engaged  for  a  year  or  two  as  United  States  Deputy 
Surveyor  under  his  life-long  friend,  Major  James  Tilton,  also  a  veteran 
of  the  Mexican  War,  and  then  filling  an  appointment  as  United  States 
Surveyor-General  for  Washington  Territory,  and  surveyed  several 
of  the  meridian  and  standard  parallel  lines  then  being  established 
through  the  trackless  and  all  but  impassable  forests  of  western  Wash- 
ington. Completing  this  work,  he  was  aiJi^ointed  Eegister  of  the 
United  States  Land  Oflfice  for  the  Olympia  District,  which  included 
the  then  vast  Territory  of  Washington. 

In  1862  he  joined  the  rush  that  came  from  every  point  on  the 
Pacific  Coast  to  the  newly  discovered  placers  in  Cariboo,  B.  C, 
where  he  remained  but  a  short  time.  On  his  return  from  the  mines, 
he  went  east  to  his  native  state  and  tendered  his  services  to  the  Con- 
federate government.  Eeceiving  the  apjjointment  of  captain  of  en- 
gineers, later  being  brevetted  colonel,  he  was  continuously  em^sloyed 
until  the  close  of  the  war  upon  the  defences  before  Petersburg  and 
Richmond.  After  the  surrender  at  Ai^pomattox,  he  returned  home, 
the  possessor  solely,  as  described  in  his  own  words,  "of  an  old  gray 
uniform,  much  tattered  and  worn,  a  good  horse,  and  a  large  amoimt 
of  experience."  He  soon  found  enij)loyment  in  the  operating  depart- 
ment of  one  of  the  dilapidated  Vii'ginia  railroads,  but  in  a  few  months, 
in  1866,  received  an  appointment  as  division  engineer  on  the  Imperial 
Mexican  Railroad  from  Vera  Cruz  to  Mexico  under  Andrew  Talcott, 
chief  engineer,  and  was  placed  in  charge  of  the  line  from  Paso-del- 
Macho  to  Ongaba.  He  remained  in  Mexico  during  the  years  1867-68, 
engaged  upon  this  work  and  as  chief  engineer  and  inspector  of  drainage 
and  hydraulic  work  near  Tepic  for  Messrs.  Barron  &  Forbes. 

In  1869  he  was  again  on  the  Pacific  Coast  serving  as  engineer  on 
construction  of  the  Western  Pacific  Railroad,  later  merged  into  the 
Central  Pacific,  and  as  superintendent  of  repairs,  etc.,  from  Sacra- 
mento to  San  Francisco,  under  S.  S.  Montague,  chief  engineer. 

In  1870  he  entered  the  service  of  the  Northern  Pacific  Railroad 
Company  under  Edward  A.  Flint,  engineer  of  the  Pacific  Division 
and  W.  Milnor  Roberts,  chief  engineer,  and  was  placed  in  charge  of 
surveys  along  the  Columbia  and  Cowlitz  Rivers  in  Washington  Ter- 
ritory. After  a  few  months  of  service  with  the  Northern  Pacific  he 
was  entrusted  with  the  design  and  construction  of  locks  and  a 
canal  around  the  falls  of  the  Willamette  River,  a  few  miles  above 
Portland,  Ore.,  a  work  of  considerable  magnitude,  and  of  great  im- 
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portcince  iu  giving  free  river  navigation  from  the  "Willamette  valley  to 
tlie  ocean. 

The  contractors  not  having  proceeded  with  satisfactory  diligence, 
at  the  end  of  a  year  the  work  was  taken  out  of  their  hands  and  carried 
forward  by  Colonel  Smith  with  great  rapidity.  Early  completion  was 
of  vital  importance  to  his  company,  as  upon  that  depended  a  very 
large  state  subsidy  which  would  have  lapsed  had  the  works  not  been 
completed  at  a  certain  fixed  date,  then  drawing  very  near.  The 
Colonel  accomplished  the  desired  end  in  time,  and  not  only  secured 
the  large  subsidy  for  his  company,  but  turned  over  a  work  of  which 
the  excellence  of  design  and  thoroughness  of  execution  marked  its 
engineer  as  a  man  of  notable  skill  and  ability. 

During  the  year  1873  but  little  engineering  work  was  in  progress 
in  the  Northwest,  and  Colonel  Smith  spent  a  good  portion  of  the  time 
superintending  the  execution  of  large  land  survey  contracts  awarded 
by  the  United  States  Surveyor  General  for  Washington  Territory.  In 
December  of  that  year  he  was  called  again  to  the  service  of  the  North- 
ern Pacific  Railroad  Company,  and  placed  in  charge  of  the  survey  of 
the  new  terminal,  city  of  Tacoma,  the  location  for  which  had  been 
determined  upon  a  few  months  before.  In  the  latter  part  of  1874  he 
made  an  examination  of  the  Fraser  Eiver  in  British  Columbia,  from 
Soda  Creek  to  Lytton,  reporting  upon  the  feasibility  of  rendering  the 
same  navigable  by  the  removal  of  gravel  bars  and  rocky  barriers.  In 
February,  1875,  he  visited  Peru  at  the  invitation  of  Colonel  Edward 
A.  Flint,  who  hoped  to  secure  for  him  a  responsible  jjosition  in  con- 
nection with  one  of  the  trans-Andean  railways  then  biiilding. 

Upon  his  arrival  finding  the  country  again  in  the  throes  of  civil 
war,  and  all  railway  construction  interrupted,  he  returned  at  once  to 
California,  and,  entering  the  service  of  the  Southern  Pacific  Railroad 
Company,  was  detailed  to  make  surveys  for  that  road  in  Arizona. 

A  year  later,  in  association  with  Colonel  George  H.  Mendell  of  the 
Corps  of  Engineers,  U.  S.  A. ,  he  made  an  exhaustive  study  and  report 
upon  the  water  supply  for  the  city  of  San  Francisco.  As  Colonel 
Mendell's  chief  assistant  he  had  charge  of  the  extensive  surveys  which 
were  made,  including  all  the  available  sources  of  supply. 

From  April,  1876,  to  April,  1878,  Colonel  Smith  was  one  of  the 
Board  of  Railroad  Commissioners  for  the  State  of  California,  the  other 
commissioners  being  Mr.  John  T.  Doyle  and  General  George  Stone- 
man.  In  May,  1878,  he  was  apj^ointed  chief  engineer  of  the  Sacramento 
River  Drainage  District  Commission  which  had  under  consideration  a 
project  for  a  drainage  canal  to  carry  off  flood  waters  along  the  west 
side  of  the  valley  opposite  Sacramento,  from  Knight's  Landing  to 
Suisun  Bay,  a  distance  of  46  miles. 

The  issuance  of  bonds  to  a  large  amount  for  this  undertaking  de- 
pended upon  the  favorable  report  of  the  chief  engineer.     The  surveys 
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and  examinations  showing  the  project  to  be  impracticable,  the  report 
of  the  engineer  was  decidedly  adverse,  and  the  scheme  was  abandoned. 

From  this  time  until  the  spring  of  1880,  Colonel  Smith  was  chief 
engineer  for  the  Board  of  State  Harbor  Commissioners  of  California, 
in  which  capacity  he  designed  the  sea  wall  for  the  water  front  of  the 
city  of  San  Francisco,  and  constructed  upwards  of  a  mile  of  it,  to- 
gether with  its  appurtenant  whai-ves. 

In  April,  1880,  he  was  again  called  to  the  service  of  the  Northern 
Pacific  Railroad  Company,  then  about  to  undertake  extended  surveys 
of  the  Cascade  Range,  north  of  the  Columbia  in  Washington,  for  the 
purpose  of  deciding  upon  the  location  of  its  line  to  Puget  Sound,  and 
was  placed  in  full  charge  of  the  Cascade  Mountain  surveys.  This 
work  he  jarosecuted  with  great  vigor,  employing  a  large  corps  summer 
and  winter,  and  before  the  end  of  the  next  year,  1881,  the  several 
routes  across  the  mountains  had  been  thoroughly  examined.  The 
route  finally  adojjted,  vi'i  Stampede  Pass,  was  one  of  the  new  lines 
surveyed  and  mapped  under  his  direction. 

In  September,  1881,  he  was  appointed  to  the  position  of  chief  en- 
gineer of  the  Oregon  Pacific  Railroad  Company,  then  engaged  in  con- 
structing a  line  eastward  from  Yaquina  Bay,  Ore.  He  remained  with 
this  company  two  years,  completing  the  line  as  far  as  Corvallis,  about 
60  miles,  and  then  resigned  and  returned  to  Tacoma,  Wash.,  where  he 
made  an  examination  and  report  upon  the  water  supply  for  that  city. 
During  the  years  1883  to  1885,  he  was  chief  engineer  for  the  Tacoma 
Light  and  Water  Company,  designing  and  constructing  the  gas  and 
water  plants  for  Tacoma  at  an  expense  of  nearly  half  a  million 
dollars,  and  suiDerintending  the  works  for  some  months  after  comple- 
tion. During  this  period  he  also  made  surveys  and  designed  a  system 
of  improvements  for  the  water  front  of  Tacoma  Harbor,  for  the  Tacoma 
Land  Company. 

For  many  years  the  city  of  Portland,  Ore.,  was  furnished  with 
water  by  a  private  corporation  which  pumped  its  supply  from  the 
Willamette  River.  The  quality  of  the  water  not  being  satisfactory, 
the  State  legislature  authorized  the  city  to  construct  works  of  its  own 
and  placed  the  entire  control  of  the  water  system  in  the  hands  of  a 
water  committee  composed  of  well-known  and  substantial  citizens. 
Early  in  the  year  1886  this  committee  called  Colonel  Smith  to  its  aid 
and  placed  in  his  hands  the  work  of  determining  the  future  water  sup- 
ply for  the  city.  After  exhaustive  surveys  he  reported  in  favor  of  a 
gravity  supply  from  Bull  Run  River  at  a  point  in  the  foot  hills  of  the 
Cascade  Range  aboixt  30  miles  east  of  the  city.  The  cost  of  bringing 
in  as  large  a  sujjply  as  desired  being  greater  than  expected,  the  con- 
struction of  the  proposed  system  was  not  at  that  time  deemed  expe- 
dient, and  the  existing  system  was  purchased  and  Colonel  Smith 
placed  in  charge  as  engineer  and  superintendent,  which  position  he 
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continued  to  hold  until  liis  death.  Plans  and  specifications  for  the 
new  gravity  sui)ply  were  prepared,  and  legislative  authority  having 
been  secured  for  the  issuance  of  bonds  to  obtain  funds  to  carry 
them  out,  construction  of  the  new  system  was  begun  in  March, 
1893,  and  completed  January  1st,  1895,  at  an  outlay  of  nearly 
§3  000  000. 

This,  his  magnum  opus,  was  the  last  of  a  long  series  of  beneficent 
works  he  had  constructed  for  the  comfort,  health  and  safety  of  man- 
kind, and  he  was,  happily,  permitted  to  live  to  see  it  completed  and 
in  successful  operation  for  two  years  before  his  death. 

For  several  years  his  leisure  hours  were  sj^ent  in  the  preparation 
of  a  treatise  on  the  ' '  Theory  of  Deflections  and  of  Latitudes  and 
Dejiartures,  with  Special  Application  to  Curvilinear  Surveys  and 
Alignments  of  Railway  Tracks,"  which  he  published,  and  only  a  few 
months  before  his  death  he  prepared  a  paper  on  the  "Flow  of  Water 
in  Wrought  and  Cast-Iron  Pipes  from  28  to  42  Ins.  Diameter,"  for 
publication  in  the  Transactions  of  this  Society.* 

He  became  a  Member  of  the  American  Society  of  Civil  Engineers 
on  October  1st,  1873. 

The  foregoing  is  but  a  brief  epitome  of  some  of  the  occupations  of 
a  long  and  active  life.  Colonel  Smith's  reputation  as  an  engineer  of 
ability  and  integrity  became  established  early,  and  his  services  were 
continually  in  demand.  That  all  of  the  many  positions  of  responsi- 
bility which  he  occupied  were  faithfully  and  acceptably  filled  none 
can  dispute,  as  many  monuments  of  his  versatile  genius  amply 
testify.  Those  who  came  to  know  him  intimately  found  a  man  in 
w-hom  they  could  trust,  always  desirous  of  dealing  jiistly  with  all  men, 
and  of  doing  that  w^hich  was  right  for  the  sake  of  right  and  because  it 
was  in  accord  with  the  Divine  command.  Of  commanding  presence, 
he  won  the  love  and  esteem  of  a  large  circle  of  friends  and  left  an 
impress  for  good  u^oxl  all  ^ith  whom  he  came  in  contact.  Al- 
though of  a  domestic  disposition,  the  subject  of  our  sketch  never 
married. 

The  following,  from  the  pen  of  one  who  was  associated  with  Colo- 
nel Smit;h  at  various  times,  will  meet  with  a  sympathetic  response  in 
the  hearts  of  all  those  who  ever  knew  him. 

"  During  the  various  periods  when  I  was  associated  with  Colonel 
Smith  I  had  the  opportunity  of  seeing  him  under  many  and  varied 
circumstances.  I  can  truly  say  that  there  was  nothing  in  my  whole 
acquaintance  with  him  but  what  tended  to  increase  my  admiration  and 
respect  for  the  man.  He  w^as  one  of  the  few  engineers  whom  I  have 
ever  been  associated  with  who  combined  a  thorough  theoretical  knowl- 
edge of  mathematical  principles  with  a  practical  grasp  of  the  best 
methods  for  the  solution  of  the  various  problems  that  were  being  con- 
stantly presented  to  him  in  the  conduct  of  his  work. 

*  See  Vol.  xxxvi,  p.  197. 
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"The  Colonel  was  not  only  a  fine  mathematician,  but  his  acquaint- 
ance with,  and  pleasure  in,  the  best  classes  of  literature  made  him 
always  a  most  charming  and  instructive  companion.  Reading  seemed 
to  be  the  kind  of  rest  and  relaxation  he  most  enjoyed. 

"  There  is  one  trait  which  characterized  the  Colonel  to  a  marked 
degree,  and  that  is  his  absohite  integrity  and  incorruptibility 
Another  trait  of  his  character  was  his  thorough  self-forgetting  unsel 
fishuess.  He  was  not  only  a  devoted  son  and  brother,  but  in  his  in- 
tercourse with  the  men  in  his  employ  he  was  always  thinking  of  their 
comfort  and  welfare  rather  than  his  own.  Certainly,  in  all  my  expe- 
rience I  do  not  know  of  another  man  who  could  equal  the  Colonel  in 
his  rare  combination  of  strength  and  purity  and  gentleness  of  char- 
acter. There  is  one  character  in  fiction  of  whom  the  Colonel  very  often 
reminded  me.    I  refer  to  Thackeray's  character  of  Colonel  Newcome. 

"  I  shall  always  feel  that  it  has  been  one  of  the  privileges  of  my 
life  to  have  known  as  intimately  as  I  did  a  man  of  the  character  of 
Colonel  Smith." 


FRANCIS  ASBURY  LYTE,  Assoc.  M.  Am.  Soc.  C.  E.* 


Died  June  24th,  1896. 


Francis  Asbury  Lyte  was  born  in  East  Lampeter  townshija,  Lan- 
caster County,  Pa.,  on  March  6th,  1854.  His  education  was  obtained 
in  the  public  schools  of  the  township,  and  at  the  Pennsylvania  Nor- 
mal School  at  Millersville.  For  about  two  years  after  graduating  he 
taught  school  at  Ebensburg,  Pa.  His  engineering  career  did  not 
commence,  so  far  as  can  be  learned,  until  1881,  when  he  was  engaged 
as  chainman  for  the  Pittsburg,  McKeesport  and  Youghiogheny  Rail- 
road. He  rose  rapidly  through  the  grades  of  rodman,  instrument- 
man  and  assistant  engineer  to  that  of  first  assistant  engineer.  From 
March,  1882,  to  Sejjtember,  1883,  he  was  in  charge  of  a  transit  party 
for  Baker  &  Gilmore  of  Minneapolis,  Minn. ;  in  September,  1883,  he 
was  associated  with  F.  L.  Straw  in  the  purchase  of  the  good-will  of 
his  employers,  and  for  somewhat  over  a  year  carried  on  a  general  sur- 
veying practice  in  city  and  railroad  work.  The  firm  was  dissolved  in 
1885,  and  Mr.  Lyte  acted  for  a  year  as  the  general  western  agent  of 
the  Morse  Bridge  Company.  In  1888  he  was  chief  engineer  of  the 
Kane  Oil  Field  Railroad.  From  June,  1889,  to  June,  1891,  he  was 
general  eastern  agent  for  the  Variety  Iron  Works  Comjjany,  and  after- 
ward represented  the  Massillon  Bridge  Company  in  the  East. 

"When  the  First  National  Bank  at  Kane,  Pa.,  was  organized,  early 
in  1896,  Mr.  Lyte  was  unanimously  chosen  cashier,  and  he  held  this 
position  until  his  death,  which  occurred  on  June  24th,  1896. 

*  Memoir  prepared  from  information  furnished  by  Dr.  E.  Oram  Lyte,  and  from 
papers  on  file  at  the  Society  House. 
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